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LBACKGROUND AND EXECUTIVE SUMMARY

A. Background
Oxiter Lid., (Oxiter or the apphicant) requests an Expernpental Use Peront (ELUP) under FIFRA section 5

for a new end-use product OXS034 containing a vanant of the new active ngredient retiacyelne-
repressible transactivator (ITAY-OX3034) protein, a vaniant of the new inert ingredient DaRed2 protein
{DRed2-0X3034), and the genetic matevial {vector pOX3034) necessary for thew production in OX3034
Aedes qepypi (rpliow fever mosquitn). Oxiter requests this BUP to evaluate whether the product is
efficacions in suppressing wattually pocounving de. gegypd populations wader field conditions.

QX554 18 described a3 a species-apecific female-dethal frait duat results in amergence of all-male progeny
1t the absence of tetracycling i the larval dies, The pestiendal effect of OX5034 15 species-specific gs if
puly alfects the reproductive suctess of de, cegvpy through mating between OXS034 e aepypdd males
ard Ao cepvpd? females that ave already present in the relense area. OX5034 bomorvgous males along
will be released o the environment. Guly fomale offpring from OX3034 matings ave killed, winle
{5054 hemizygons males survive 1o pass on the (XX 5034 fomale-lethal trait further, Unlike fomale
mosgquitoes, male mesquitoes do not bite hmuans, With continned Seld releases of OXA034 homeozygous
males, the de aepypdd population in the treatment avea 15 thought o progressively declime due to the
reduced munber of fermales srergmg sach vonsecutive generation. In additton, OXS034 also expuesses
DeBed2-QX 3034, a variant of the DisRed fluorescent protein form D¥scosoma spp.. that allows for the
visual identification of OX3034 benuzyvgous kwvae vollecied from the Geld. A different rapsgenic
mosquito developed by Oxitec, OXS13A. 15 not covered under the rurrent EUP application.t

With thas application, Oxitec provided the experimental design for mosgnuio releases under the EUP. EPA
evaluated s in 1s docoment "Review of Section G for an Experinental Use Pernut 3 18%-EUP-E 1o
Test OX3034 Ao, sepypdd Mosquines Dieciston #349240, Subuossion #1047971)7 which s available m
the www regulations. gov docket established For this sction (ERA-HG-OPR 20180274 Oxitec requestad
2 24-month permit for 2 cumulative ares of 6,600 acres, which will be divided o mnltiple weatnent and
corirol sreas within Momeoe, Coo, Florids and Hars, Co, Tesas,

Under the EUP, Oxiter 15 planusing w test the efficacy of the product by deploving OX3034 mosguite
paes and adult males 1o the trestment areax. For epg releases, a known quantity of QX534 egps will be
released i mosquite reaving boxes. Importantly, as deseribed in Ut ILAZ, ouly male OX5034
msquitoes will emerge fon these eggs, oo fomale X503 wmosqunes will be released. Mosquito
rearing boxes will be phvsically isolated froam the public whenevey possible, or otherwise logated
discretely and ool of public view. In the case of adult OX3034 mnle relesses, known quantities of adult

malenowill be released Bom contsiners either from a velucle or on foot

Momtoring and mosguiro ssmphng will be done weekdy m the treatment and control sress 1o monitor the
adull mosguite population and to collect egps. The eag collections will sllow for evalnation of larvae

Uinhake the QRSO3 mosguitons, nether UX3134 males nor lomeles are mtended to survive

without bemg reared on tetranvelines, alihougl o wnall percentage of the offspring do.
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resulting from male OX5034 mosquito matings, which will provide monitoring to confirm no female
0X5034 mosquitoes. Additional monitoring will also occur once releases have ceased to ensure that the
0OX5034 traits disappear from the male mosqguitoes in the EUP locations as is expected.

B. Executive Summary of Human Health and Environmental Risk Assessment

In assessing the risk to human health and the environment from the limited releases of OX5034
mosquitoes in Monroe, Co., Florida and Harris, Co., Texas over two (2) years, several key factors played
a significant role.

¢« Only male OX5034 mosquitoes will be released into the environment. Because male mosquitoes
do not feed on humans (they do not bite), they do not pose a human health risk.

+ Female mosquitoes feed on human blood, but only once they become adults.

¢ Oxitec’s OX5034 female mosquitoes do not survive to become adults without tetracycline.
Tetracycline acts as an antidote to the OX5034 female mosquito-lethal trait.

¢ EPA cvaluated penetrance of the OX35034 fomale-lethal trait.

- Penetrance for the OX5034 mosquitoes refers to the proportion of female insects that die
before reaching adulthood, i.e. does it consistently work. EPA found that it does.

s EPA evaluated human health risk of OX5034 mosquitoes.

- A determination of the toxicity and allergenicity of the two substances in Oxitec’s
0OX5034 mosquitoes that 1) kill female mosquitoes, tTAV-0X5034, and 2) allow trained
personnel to identify OX 5034 via fluorescence, DsRed2-0X 5034, has not been made.

- However, because no OX5034 female mosquitoes are being released or are expected to
emerge in the environment, exposure is negligible and therefore, so is the potential risk
from tTAV-0X5034 and DsRed2-0X5034 (Risk = Exposure x Hazard).

« EPA evalnated introgression risk.

- Introgression for the OX5034 mosquitoes refers to the movement of background traits
from the non-GE portion of the OX5034 mosquito genome to local mosquitoes, i.e. will
releases of OX5034 mosquitoes increase the ability of wild mosquitoes in the release
area to vector/transmit disease, resulf in larger populations numbers, or result in more
robust mosquitoes. EPA found this impact is unlikely. As part of this analysis, EPA
collaborated with the United States Centers for Disease Control and Prevention (CDC) in
reviewing laboratory data, a meta-analysis, and rationale submitted by the applicant
comparing the vectorial capacity of OX5034 mosquitoes to that of wild mosquitoes.

s EPA evaluated the risk of OX 5034 mosquitoes 1o non-target organisms (bats, amphibians, etc.).

- No direct adverse effects due to consumption of OX5034 males by non-target organisms
is expected based on acute oral toxicity studies and bioinformatics analyses.

-~ Ae. aegypti mosquitoes (of which OX5034 mosquitoes are) are not a sole or critical food
source for non-target organisms, so no indirect adverse effects are expected should there
be a decrease in the local mosguito population.

Based on the above factors and analyses discussed in EPA’s science assessment (Unit I, EPA
determined that there will be no unreasonable adverse effects to humans or the environment as a result of

6
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the experimental permit to release Oxitec’s OX 5034 male mosquito. Below are EPA’s risk conclusions
for the human health and environmental risk assessment, which can also be found in Unit Hi, “Human
Health & Environmental Risk Conclusions:”

EPA has reviewed the OX5034 manufacturing process detailing the production and quality assurance
processes used in the development and manufacture of OX5034 mosquitoes, associated standard
operating procedures, and other pertinent information characterizing OX5034 mosquitoes on a genetic
and phenotypic level. EPA determined this information to be adequate to support a finding of no
unreasonable adverse effects to man and the environment during the proposed EUP.

EPA has determined that there will be no unreasonable adverse effects for humans as a result of the
experimental permit to release 4de. aegypii OX5034 male mosquitoes provided such releases do not take
place within 500 m of commercial citrus growing areas or wastewater treatment sites due to
considerations regarding the impact of environmental sources of tetracychines on female OX5034
mosquito survival. A compilation of release recapture studies around the world found that most e,
aegypti are recovered within 20 m to 50 m of the release point, with a small percentage found 170 m but
generally not more than 200 m from the release point. Therefore, a restriction of 500 m from potential
sources {200 m for released OX5034 males + 200 m for mated Ae. aegypsi females + 100 m of additional
butfer) provides a conservative buffer zone. The human health assessment considered data provided on
the mammalian toxicity and allergenicity of the tTAV-0OX 5034 (active ingredient) and DsRed2-0X5034
{inert ingredient) proteins and the potential routes through which humans may be exposed to these
substances as a result of OX 5034 application. While no determination has been made on the potential of
gither protein to pose mammalian hazard, the human health risk was found to be negligible, as exposure
to female mosguitoes carrying these traits was determined to be negligible given that the penetrance of the
tTAV-0X5034 lethal trait was shown to be 100% in female mosquitoes and the restrictions on access to
potential tetracycline sources.

EPA has determined that there will be no unreasonable adverse effects Tor humans or the environment
due to introgression of OX5034 background strain genetics into the local 4e. aegypii population. EPA
evaluated OX5034 mosquitoes for key traits that could increase the ability of mosquitoes to transmit
disease, result in larger populations numbers, or result in more robust mosguitoes. Basedona
combination of laboratory data, meta-analyses, and a review of the scientific literature, EPA finds it is
unlikely that the local mosquito population would pose any increased risk to humans or the
environment as a result of releases of OX5034 mosquitoes and introgression of OX5034 background
strain genetics.

EPA has also determined that no unreasonable adverse effects are anticipated for non-target organisms as
a result of the experimental permit to release 4de. aegypri OX5034 male mosqguitoes. No direct adverse
effects due to consumption of OX5034 males by non-target organisms is expected based on acute oral
toxicity studies and bioinformatics analyses. There are also no indirect adverse effects anticipated from
reduction in Ae. aegypti as a food source should the release of OX5034 mosquitoes successfully reduce
the local de. aegypti population. In the case of de. aegypyi, their status as invasive species and their
oviposition choice behavior makes it less likely that they serve an integral role in newly invaded
ecosystems. Additionally, de. aegvpii are regularly subjected to other control methods such as insecticide

ED_006741_00009345-00007



treatment and sowree reduction and it is therefore unbikely sy predator species or plant is dependent on
Ao gegypi prosge.

{1 SCIENCE ASRERSMENT
A, Product Characterization

The manufacturmg process and the characteristios of the resnliing pestiicide product provide the
foundation For assessing s risk for human heabh and the environment. This section describes the
ONE034 e, sepvpni strain, how the siran was developed, the parpose of the genetic elements infegrated
into the mosquite genome, and the merhanisns underdving the female-specific lethality. The applicant
submitted data that supported o fnding of no unreasonable adverse effects o humans and the

yisk assessunent below, Foll review of the informanion s contamed within the Data Evaluation Reconds
{DERs) Some of the references cited in this assessment were inclnded m the studies provided by the
apphcant within the MBIDs cned. Gther references were included from the open Iteranwe tat pertained
to spectic topis discussed below,

| PPy
 aldetine B

Heanles Seammns s 4 lsifioation

The micrmation contuined in thix MEID describes the
production and guality asswance processes weed i the
sheveloprent and manufachie of the ONS034 de segypy
moscrutoss. The plasnud map detaiting the ganetic
leraents, the procedures for mucrengsntion, amd the
sdertiBization of raasformants are appropriately detatled

Manufacturing 5201300 ax part of the production of the end-use product, the E0889424
PrOCess AR QX503 mele mosguitoes. A thorough scrsening process

with selective crteria and the demonvivation that no
females ave produced (o the sbsence of tetracyclines)
regardless of sygosity is potical and desortbend in detal
The provedures and quality sssupance pentocnls desonibad
in this MRID are spoeptable for these purposes.
Classification: Acveptable,

Ugites has sdeguately shified the production of egge and
asdult OX5034 male mosptioes, as well ag sonstesiction of
rearing bowes for mosgutio rebense at their UK, Flosida
angd Texas favilities. Koy to this analvsees 15 the mdication

Supplemental
mformation W
LYXS34
description of
starting materials,
production aul
formulation
PROLESS

adurdt fomale mosquitoes or use of etry :
antibiotios taking place at the Flonids or Tesas fheilities.
REG 1200 Bags will be shapped from the UK facdity for deplovment | 3113080

in the U8 Further, (e description of the dedicated
coutmnment saite #t the UK fscility, as used for
production of QX334 spes, wnd the restnction of
persorel whe have vistted other produciion sudtes from
sntering this dedicated nsectary address production
axpecty of nterest to the Ageney.

Chwssifivation: Acceptabie.

E
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Standard Operating
Proceduores for

The information contained m this MRID details the
protocols for production and quality assurance of male
mosquitoes for refease to the environment. Descriptions of
egg, larval, pupal and adult mosquito production included
are scientifically sound and the attention to quality
assurance / quality control, certification of technical

szojfiuc‘tmn 0,14 880.1200 support staff, and record keeping are scientifically sound S0889427
Aedes aegypti ] = e .
OX5034 andﬂ based upon accepted nlcthgdeloglss. A description of
sexing protocols and enumeration of larvae, pupae and
adults are discussed. The study is acceptable for use in
production of OX5034.
Classification: Acceptable.
0OX5034 dedes The information contained in this MRID characterizes the
aegypti: Product genetic construct used to create OX5034 de. aegypti, the
Identity and active and inert ingredients, the female-specific lethality
Composition, of the active ingredient, as well as other relevant
Discussion of the 880.110 characteristics of the end-use product. For example,
Formation of 880.140 information was provided on the enforcement analytical 50889401

Impurities,
Preliminary
Analysis, Certified
Limits, and

methods and a discussion of the likelihood for resistance
development. The MRID was overall acceptable to
characterize the OX5034 Ae. gegypfi end-use product.
Classification: Acceptable.

51115102

Enforcement
Analytical Method
Quantitative The data presented in this study allowed for a conservative
Western Blot estimation of the DsRed2-0X5034 protein abundance in
Analysis of homozygous OX5034 males at all hife stages. The data
Expressed Proteins showed that a tTAV protein variant is present in older 50880419
tTAV-0OX5034 and N/A homozygous GX 5034 males but were not adeguate to 51 O 9;,; 401
DsRed2-0X5034 ) determine total tTAV-0X5034 protein abundance. The -
in OX5034 4edes supplemental classification is a result of several
aegypti male methodological deficiencies identified in the immunoblot
adults, pupae and a38ays.
larvae Classification: Supplemental.
Amended Review of the original study that quantified the tTAV-
Cuantitative OX5034 and DsRed2-0OX5034 proteins in OX5034
Western Blot determined the tTAV-0X5034 protein abundance in adult
Analysis of male OX5034 was potentially underestimated (508894-
Expressed Proteins 19). The recalculation of the “combined” tTAV-0X5034
tTAV-OX5034 and | N/A protein amount in adult OX5034 males, presented in 51115101
DsRed2-0X5034 MRID 51115101, was adequate for use in this EUP, as
in OX35034 de. this value likely overestimates tTAV-0X5034 abundance
aegypti male n these individuals.
Adults, Papac and Classification: Acceptable.
Larvae
The data and information presented in the four MRIDs
were acceptable to address the insecticide susceptibility of
the OX5034 4e. gegypti strain. OX 5034 was susceptible
Evaluation of to the pes:ticide active iggredients t&rr}ephos (larvicide), 506:9?:5‘717
Insecticide peﬂn.ethnn, deitamethrm, and malathion (three . 50{39?.5‘718
Resistance in N/A adginc;des), and‘ the strain does. not carry pyrethroid 50?.5‘89418
OX5034 resistance-associated £dr mutations. If 13 expected that 50973405

these four insecticides are effective for controlling
OX5034 de. aegvpfi in the field. While the strain showed
some resistance to Propoxur, this chemical is not approved
for uses on mosquitoes in the US and thus any resistance

9
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associated with Propoxur will not affect current mosquito
control practices.

Classification: Acceptable.

For the EUP the colony will be maintained at Oxitec’s
insectary in Milton Park, UK and OX 5034 male eggs will
be shipped to rearing facilities i the US for deployment to
release sites. The Agency concludes that because neither
Ae. aegypti nor the arboviruses for which i is a vector are
present in the UK, the risk of arbovirus infection of the
source colony is low. Therefore, arbovirus testing for the
EUP is not required. The study was classified as
supplemental because the rationale by the company for not
Arbovirus testing N/A requiring testing was provided based on the presence of 51094403
arboviruses at the release sites, i.e., FL and TX. This
rationale was found to be nadeguate to determine the
likelihood of arboviral infection of the source colony
reared in the UK. It should be noted that because testing is
not required for the EUP, the test kits cited in Table |
were not reviewed in detail and a determination regarding
the adequacy of the proposed testing protocol outline has
not been made at this time.

Classification: Supplemental.

Hemizygous and homozygous OX5034 mosquitoes were
evaluated for longevity and compared against LWT
mosquitocs. Similar longevity between hemizygous
OX5034 males and LWT males but reduced longevity in
homozygous OX5034 males was found. For egg clutch
analysis, crosses were performed between homozygous
0X35034 and LWT mosquitoes. Egg clutches are smaller
from an 0X5034 mating compared to LWT, indicating a
potential fitness cost of the OX5034 rDNA.
Classification: Acceptable,

The scif-limiting
phenotype,
penetrance,
longevity and egg N/A
clutch size of
Aedes aegypti,
0OX5034

50889417

1. Transformation system and genetic elements

The OX5034 Ae. aegypti line was developed in 2013 by transformation of a “Latin American Ae. aegvpti
wild-type” strain (LWT) with the vector pOX5034. The strain was subsequently backcrossed several
times to obtain the OX5034 homozygous 4e. aegypti for which the EUP 15 sought. The background of the
LWT strain is comprised of genctics from ten separate de. aegypti colonies. These colonies were
established from mesquitoes that were collected in the Mexican State of Chiapas in 2006 (Wise de Valdez
etal. 2011).

The OX5034 expression cassette contains several genetic elements in addition to the sequences coding for
the active ingredient tetracycline-repressible transactivator protein variant ({ITAV-0X5034) and the tnert
ingredient DsRed2-0X5034. Briefly, basal expression of {TAV-OX5034 is driven by the DmHsp70
minimal promoter and 5° UTR from Drosophila melanogaster located downstream of a tetracycline-
responsive operator {fetOy). This basal expression of the protein is required for the initiation of the
positive feedback loop that is characteristic of the Tet-OFF system (Unit 1L A.2). Dimeric tTAV {cleaved
variant of tTAV-0X5034) binds to the ret(; operator and enhances expression of iTAV-0X5034 in the
absence of tetracyclines. {TAV-0X5034 is a chimeric fusion protein that consists of three basic functional

10
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2011}, followed by abiquitin (UBQ; D. melanogaster), and {TAV {TAV itself is a fusion of the
tetracycline-binding domain protein (tetR) and the viral tegument protein 16 (VP16; transcriptional
activator} from the herpes simplex virus-1 (HSV-1) (Gossen and Bujard 1992).

DsRed2-0OX5034 is virtually identical to DsRed? (Yanushevich et al. 2002}, but in addition contains a

expression of the DsRed?-0OX5034 gene is driven by the IET promoter and Hr5 enhancer, both of which
are derived from Autographa californica macleopolyhedrovirus (AcNPV). DsRed2-0X5034 is the
fluorescent marker that aliows for visual identification of de. aegyp#i individuals carrying the OX5034
genetic cassette in larvae collected from the field. Expression from these regulatory elements is expected
to be constitutive, although overexpression of other variants of the tetracycline-repressible transactivator
protein (tTA} in insects has also been observed to positively affect the expression of fluorescence markers
located on the same genetic construct. For example, in the transgenic 4e. aegypti strain LAS513, which
expresses different variants of the (74 V-0X5034 and DsRed2-0X5034 genes, tTAV presence is reported
to positively affect DsRed? expression from a D). melanogaster Actin 5C promoter {Alphey 2015).
Similarly, positive correlation between (74 expression and expression of the flnorescent marker ZsGreen
was observed in a transgenic strain of 1. melanogaster (Kuudsen et al. 2020).

Characterization of the genomic DNA isolated from 0OX5034 homozygous de. aegypii, using restriction
enzyme digestion and Southern blot analysis, indicate that the genetic cassette from plasmid pOX5034
inserted as a single, intact copy into the mosquite genome (MRID 50889401 ). The genomic locus of
insertion was identified by sequencing the genomic region flanking the insertion site af the 53° end and
comparison of that sequence with the de. aegypti Aacgl.3 genome assembly (2014) deposited in
VectorBase (Giraldo-Calderon et al. 20135). Based on the data provided, it is unlikely that the inserted
0OX5034 gene cassette disrupls any open reading frames within the genome of OX35034 de. aegypri. To
obtain a homozygous strain, the originally transformed strain was backcrossed several times. In doing so,
any pOX5034 vector backbone that may have inserted into the genome at a location other than the
expression cassette, would be segregated out. PCR analysis of the X 5034 genome using backbone-
specific primers demonstrated the absence of backbone DNA in the OX5034 genome. The observation
that the DsRed2-0X5034 fluorescence phenotype segregates in a Mendelian pattern of inheritance
indicates the stability and inheritance of the inserted DNA across several generations.

Information on the genetic stability of the OX5034 traits was provided, which supports the conclusion
that integration of the genetic cassette is stable. The OX5034 expression cassette was inserted into the 4e.
aegypti genome using a piggyBac vector derived transposon system (MRID 50889424). The specific
system used in the creation of OX5034 is comprised of two components that were co-transformed into de.
aegypti embryos via microinjection: a vector carrying the genetic cassette (pOX5034) and mRNA
encoding for the transposase enzyme for excision of the cassette from the vector and subsequent
integration into the mosquito genome. Briefly, the genetic cassette that codes for {TAV-OX5034 and
DsRed2-0X5034 and its regulatory elements was cloned between two inverted termuinal repeat sequences
(I'TRs}, which were originally derived from a transposon of the cabbage looper moth Trichoplusia ni
{Tamura et al. 2000, Handler 2002, Kuwayama et al. 2006, Labbe et al. 2010). The transposase
recognizes the I'TRs and integrates the intervening DNA into the genome, preferentially at TTAA sites,
although non-canonical integration has also been observed (Sethuraman et al. 2007). The piggyBac
transposon system generally integrates intact genetic cassettes. Re-excision from the genome is not
expected to occur as the transposase is only transiently expressed in transformed cells and the integrated
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cassette does not itself encode for a transposase enzyme. Other transgenic 4e. aegypti created using
piggyBac-derived transposon systems have been reported to be genetically stable, possibly due to a low
proportion of transposon-specific piRNAs in this mosquito species (Sethuraman et al. 2007). Relatedly,
remaobilization of the OX5034 expression cassette in OX5034 Ae. aegvpti has not been observed in over
27 generation equivalents.

2. Pesticidal activity of the active ingredient tTAV-0X5034

0X5034 female lethality is attributed to the overexpression of the tTAV-OX5034 protein in immature
females, a process that is thought to interfere with the transcriptional machinery of the insect and
consequently normal cellular function. As a result, homo- and hemizygous females carrying the OX5034
genetic cassette survive only until the early larval stages (1.2/L3). The tTAV-associated effect is
commonly referred to as transcriptional squelching (Gill and Ptashne 1988). One study in D.
melanogaster suggested that the overexpression of tTTAV leads to the stochastic differential expression of
genes in the transgenic organism in a manner that is specific to the site of transgene integration (Bryk et
al. 2017). The latter may therefore also contribute to the lethal effect.

Overexpression of iTAV-OX5034 is achieved through a gene circuit that is based on the “Tet-OFF”
system that was first described in ¥. cofi {Gossen and Bujard 1992). Here, basal (T4 V-0X5034 expression
is enhanced through a positive feedback loop that can be suppressed through the addition of tetracyclines
to the larval diet. Briefly, basal expression of 174 V-0X3034 is driven by the DmHsp70 minimal
promoter, which is required to initiate the positive feedback loop. Alternate splicing patterns in
developing males and females lead to preferential expression of the full-length ¢741-0X5034 mRNA in
females. Once translated, {TAV-0OX5034 is cleaved to release tTAVY, which dimerizes and, in the absence
of tetracyclines, binds to fe1(J;, enhancing the expression of 74V-0X5034 (Fu et al. 2007) (Figure 1).
Because the tTAV homodimer preferentially binds to tetracycline over tet(Jy, the addition of tetracycline
to the systermn quenches 74V-OX5034 expression. Thus, in order to be able to sustain an 0X5034
homozygous de. aegypti colony in the laboratory, tetracychines must be added to the rearing medium, as
no intervention would lead to the death of OX5034 females.
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Figure 1. Schematic representation of the 0OX5034 female-lethal trait mediated through sex-specific (74 7-0X5034
expression. Top: In the absence of tetracyclines, basal expression of t74V-0X35034 in female OX3034 de. aegypti
results in the production of the tTAV-0X35034 protein. The 4eadsy splicing module located at the 57-end of the
1TAV-0OX5034 gene 1s alternately spliced in males and females, leading to the preferential expression of the full-
length tTAV-OX5034 mRWNA isoform in females. Once the protein is translated it is cleaved by endogenous
deubiquitinases at the UBQ-1TAV junction, releasing tTAV. (TAV then dimerizes {(purple ovals). The positive
feedback loop i3 closed when the VP16-domains of the tTAV protein bind to the fet0; operator, which enhances the
expression of the t74V-0OX5034 gene. Through this mechanism of overexpression, celfular functions are affected

OX5034 still occurs. Because tTAV preferentially binds to tetracycline than to 1210y, expression is not enhanced.

ED_006741_00009345-00013



3. Conditional female-specific expression of t74V-0X5034

The genetic construct integrated into the 4e. aegypti genome was designed such that the active ingredient
is primarily expressed in female mosquitoes. Briefly, female-specific lethality of tTAV-0X5304 is
achieved by inclusion of a splicing module upstream of the genetic sequence coding for ¢74V. The
splicing module is derived from the de. aegypti deadsx (doublesex) gene, which is differentially spliced
in males and females as part of the sexual differentiation pathway (Salvemini et al. 2011). The genetic
sequence of exon 5b of Aeadsy in OX5034 was minimally altered from exon 5b present in the native
gene. OX5034 females produce two mRNA isoforms of t7AV-OX5034, F1 and F2, and males primarily
produce a single M isoform (Figure 2). Both the F1 and M isoforms contain a premature stop codon and
are unlikely to be translated. The F2 isoform produced in OX5034 females is translated into tTAV-
0X5034 and thus, the pesticidal mode of action is female-specific.

Pmbsp?0 minipro
DraHsp?0 5 UTR Uibitaguitin

E axnns i

OX5034 tTAV N,
splicing module .7 | | Sv4
dsx splicing module 3 UTR
Q@ Fiisoform mRNA ‘
§ | T SV40 3 UTR
PriHsp70 %' UTR Ubstquitin

9 F2 isoform mRNA
; | $V40 3' UTR
PmHsp70 5 UTR  Ubiguitin

@ M isoform mRNA

| B T sv40 3 UTR
DmHsp? 0 5 UTR Ubiguitin

Figure 2. Schematic representation of the splicing module in 1741-0X5034. The 4eadsx splice module consists of
exons 4, Sa, 5b, and 6, together with the fragments of 4eadsx introns 4, 5, and 6. The arrow indicates the position of
the start codon and the red octagon indicates that of a stop codon.

Oxitec provided data that demonstrate that the minimally altered 4eadsx splice module in (FAV-OX35034
results in the differential expression of the mRNA in male and female pupae and that the F2 isoform that
codes for the active ingredient is primarily expressed in female mosquitoes. To allow for female
development to the pupal life stage all individuals were reared in the presence of tetracyclines. Basal
expression of (74 V-0OX5034 is expected to occur under these conditions (Unit A1), Using (74V-
OX5034-specific primers, female OX5034 pupae were shown to express both female mRNA isoforms, F1
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and F2, with F2 being the most abundant. 0X5034 females do not produce the male isoform M, or this
isoform was present below the assay’s Hmit of detection. Similar resulis were obtained in the LWT
background when analyzing the isoforms of the native Aeadsy transcript.

Male OX5034 pupae were shown to express the M isoform as well as a small amount of the F2 isoform.
The study remarks that this may be the result of ineffective splicing that occurs at low levels (Unit ILA4;
MRID 530889419}, While mRNA abundance was not specifically evaluated in adult males, the F2 isoform
is likely also transcribed in these individuals as the tTAV-0X5034 protein is detected in adult males at 1-
and 6-days post eclosion (Unit 1. A .4.b). If the F2 isoform of the native deadsy gene is expressed in male
LWT pupae, abundance is below the detection limit of this assay.

4. Protein abundance

The abundance of the tTAV-0OX35034 and DsRed2-0X5034 proteins was determined in OX5034 male
mosquitoes at several life stages. OX5034 males were reared in the absence of tetracyclines, which is also
how they will be reared in preparation for environmental releases (Unit 1L A.5). The protein content in
homozygous adult males is the most relevant for determining the amount of pesticide applied during the
experimental program as these individuals will be released into the environment; while eggs will also be
deployed, they are contained in the mosquito rearing boxes from which adulit homorygous males will
emerge.

As presented in Unit ILA.3, OX5034 male pupae, like OX5034 females, produce the F2 mBNA isoform
of 1T4V-OX5034 and thus it is conceivable that adult males also produce the {tTAV-0X5034 protein.
Once translated, tTAV-0X5034 is thought to be cleaved at the UBQ-tTAV junction to release the tTAV
protein which, once dimerized, will initiate the positive feedback loop characteristic of the Tet-OFF gene
cirenit (Figure 1) {Gossen and Bujard 1992, Fu et al. 2007). Consequently, three variations of the tTAV-
0OX5034 protein may be present within mosquitoes: tTAV-0X5034 (full-length protein), monomeric
tTAV (cleaved), and dimerized tTAV (the transcriptionally active form of the protein). In addition to
tTAV-0OX5034, homozygous males were expected to produce DsRed2-0X5034 protein, as DsKed2-
0X5034 is under the control of a constitutive promoter. The presence of DsRed2-0X5034 is furthermore
evident in hemizygous Ae. aegypti male (and female) larvae where the protein can be visualized through
its fluorescent properties (Units H.A 1 and ILA.7).

a. DsRed2-0OX5034

DsRed2-0X5034 protein abundance was determined in the lysate of OX5034 homo- and hemizygous
males at the larval, pupal, and two adult life stages (Table 2). Mosquitoes were reared in the absence of
tetracyclines. DsRed2-0X5034 protein abundance was gquantified using immunoblot analysis with
polyclonal primary antibody for DsRed? (TaKaRa; Clontech) in mosquite lysate of a volume equivalent
to that of a single individual. Total protein abundance in the mosquito lysates was not determined.

The abundance of endogenously produced DsRed2-0X5034 was determined by simultanecus probing of
known guantities of a recombinant DsRed?2 protein standard, followed by densitometric analysis of the
protein bands and normalization of these bands to a housekeeping protein.
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The highest protein abundanes was detected 1w adult wales st 6-days post eclosion. This relative morease
i DsRed2-OX S04 compared 1o nonture Bfe stages may be the result of protem acoumndation andd or
an wcresse W DsRed 2-0X3034 expression in later e stages (Unit ILA LY B 15 relevant to note that winle
the DeRed2-0X 35034 protein was below the limit of detection of this imununoblot assay wm hemizygous
larvae and pupee. Huorsscence analysis of hvae demonstrates that DeRed20X5034 15 present in larvag
carryving the QX3034 construct {Uoit TLALT) As o peneral remark, the protein values i Table 2 may
represent the sum of DsRed2-0K 5034 snd one or mose endogenons protesnds) and thus may overextimate
the DsRed2-0X 5034 sbundance. This s berause the snttbody used for the detection of DaRed2-OX5034
plso recogmized one or more endogenous proteins of simlar molecular weight i the non-tmmsgenic LWT
stratt,

Tuble 2. blean eupression levels of DuBed2-0005034 1 vanous Bfe stages of male X503 de. auguptl, KD = pot
detectable, below the lmy of detection (LoD,

DaBed? 008004 au’
| Assay LoD Fuponiiy asauig

| OXS034 life stage
woluine boiste

L

L4 by &35 ngd Tarva Homozygous (MY - 16 7 ne paneed
Hemizygom NI

. , Homoxygous Mk #0.4 .

Pupae 625 ny/ pupa o (7.3 - 8.4 ne range’
Hepuzvaous KD

Sdults T-day post N

solosion 75 e adult Hommpey s h

Adudts S-day post 0 BE AGH BinEygons 383+ 65

aciosion (17,2 - 48 9 ng ranige}

b ITAV-OXBG34

TTANV-O35034 protein abundance was determined in the Tysate of howo- and hemizygons OX5034 males
at the larval, pupal, and two adult Bife stapes. Mosquitoes were rearesd m thie absence of tetracyolines,
which means that protein abundance w these individhnls 1s expected 10 be reprosentative of those levels
found m OXS5034 males in the envinmunent. A VPLE pronary antibody was used w0 detect tTAV-OXS034
profein i these samples. The VP16 domain 15 part of the (TAY portion of (TAV-0OX5034 and therefore
the primary anttbody i3 sxpected to recognize all duee varntions of the (TAV-ON3054 protein (full-
fenzth, cleaved, and dunerized),

A single band likely representing the monomene 1TAY vartant was detected o bysate of homozygous
adull OX3034 males at | and 6-days post eclosion. Mo (TAV-associated bands were wdentifiad in any of
the wmanire e stages. The bvsate of the adult life stages was samultanevusly probed with 8 second
primay antibody that recognired the housckesping protein Hsp70 1o novmalize the band mitepsity of the
target profein TAV-OX3034), However, becanse the molecudar weight of the Hap70 protein &5
indhstinguishable Bom both the full-ength (TAV-OXE034 protein and the dimer 1TAY . 1115 possible
that the Hsp70 protes tand obfuscated the presence of these variants in the OXS034 ysate. As avesull,
the sum o ITAV-OX 034 assoviated proteins may have been underestimated. To account for that
possibility, & comservative spproach was taken in which 1t was asswmed that the Hsp7assooiated protem
band i OX3034 howozygons adult males salely consists of 1TTAVOQX 5034 and dumenc 1TAY. That
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value was then added 1o the value detenmuned for the monomenic tTAV to give the result presented n
Table 3. 1t should be noted that a different housekeeping protein {GAPDH ) was used i probing of
mmanwe Life stages. GAPDH hias a modecular weight that 5 clenrdy distinguishable from all three (TAV-
05034 protein varialions,

&

Table 3. bean eupression Jovels of 1ITAV-OEG ty vartous bfe stages of wale X034 de. aegpvpdl NI = not
detectable, below the Hmir of detection (Lol

TEAY IR RON !
mataniin
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, {velume by
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Pupae 3.78 ugd pupa
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. Protem sseeptibiliny o envaonmenial profeasey

TTAV-OXR034 and DeRed2-CO5034 are proteims and as such are susceptible to the biotic provesses of
degradation in the envivonment through microbial activity. To Burther characterize protein behavior and
envipommental fule o zain weight into bow long they may persist in the eovironment, susceptibility of
EAN-CRS034 and DeRed2-0005034 1o two envionmental proteases was wssessed. Two appropniate
microbial proteases were chosen for this assesameny, the serine protaases proeimase K and subithisin A
Protemase K owas originally wdentified m the DBmgus Tritirachion olleon and subtlisins are prodoced by
several Baciflus spectes (Jacobs et gl 1985, Couto et al. 1993, Rao et al. 1998, Hu and Leger 20043
Biowmnformanc progrns were used o predios the presence of profteolyviic cleavage sties i the (TAV-
{5034 and DsRed2-0X 3034 protemn sequences, Secondly. an f wivre Gme-comse assey was conducted
o reconmbinant protein, nsing HN-sgged 1TAY (as cupressed in OX3 134, which is Cratee s 19
Ceneration mosdquuin; EPA File Symbod 93167-EUP-R)Y and DsRed? (Clontech) ax proxies for the two
OX 503 4-enpressed proteius,

In sifico analyses were computed using the Expert Protein Analysis System (ExPASy: Swiss Institute of
Buswnformatios) PeprideCutier tood {Gasteiger et al. 2003, Gastetger et al. 2005}, The protein sequences of
the ll-length (TAV-QXE034 protem, the monomeric form ITAV, and DsRed2-055034 demonstrate that
these protems contun several predicted clesvage sites for proteinase K indicating that they would be
susceptible 1o gs profeciyvc actvity, PeptideCutter dogs not melude the oprion 1o predict the presence of
subttlisin A clesvage sites and no such mformation was provided for ITAV-OXA34 and DsRed2-
{5034, The v vitre assays confirmed the o xifico predicied susceptibihity of tTAV {monomenc) to
protemase B, which was shown @ be degraded at 37 “U within soinues, The romsing v viep stwhies
that investigated the sisoeptibility o0 TANV-OX 034 and DaRed2-0%3034 o environmnental proteases
were meonchnsive, for vanous reasons, meluding potennal autobysis of proteinase K and subidism A ln
additin, the lack of protem quantification lindered the detenmumation of kinetics of these mactions,
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There is no indication from the bioinformatics analyses, the in virro data presented on tTAV, and general
knowledge of proteins to suggest that tTAV-0X5034 and DsRed2-0X5034 would not be susceptible to
degradation in the environment, especially given that microbially produced proteases are not limited to
proteinase K and subtilisin A in the environment.

5. Rearing and shipping of OX5034

The applicant provided a description of the manufacturing process and associated standard operating
procedures for rearing and shipment of OX5034, which were found to be acceptable to support the EUP
{Table 1). Briefly, OX5034 homozygous egg production will take place in the United Kingdom (UK.
0OX5034 eggs are then shipped to the US where they are prepared for field releases: OX5034 eggs are
repackaged for egg deployment in mosquito rearing boxes and some eggs are hatched for packaging of
adult males for adult releases. No OX5034 egg production will take place in the US, which means that
there will be no maintenance of the OX5034 homozygous colony involving blood feeding or use of
tetracychines.

The 0OX5034 colony is maintained in Abingdon, UK at Oxitec’s insectary, which adheres to biological

genetically modified organisms in contained use. The OX5034 production area is in a separate
containment suite from other dedes spp. strains. The containment suite has a separate changing room and
the insectaries are equipped with meshed air conditioning vents and floor drains. OX5034 are kept n at
Ieast three levels of containment from non-containment and other containment areas, i.e., the primary
container, the insectary, and the changing room. Equipment used in the insectary is dedicated or is
decontaminated by freezing for more than 12 hours at < -15 °C before being brought into the containment
suite. Staff working on OX5034 production are dedicated, which means that statf members who have
entered other dedes spp. rearing areas on the same day are not permitted to access the OX5034 production
suite. To maintain the OX5034 colony, females are reared in this facility to produce eggs. This process
requires the use of tetracychines in the larval diet to allow female OX5034 survival to adulthood and
blood feeding of females to enable them to lay eggs.

The blood is sourced from a closed British herd. The
herd is under veterinary care, tested for certain equine viruses before admission to the farm, and each
blood batch is tested by the supplier for bacterial sterility. From the facility in the UK, OX5034 eggs will
be shipped to two location in the US for field release preparation, one insectary in Texas and one in
Florida. Both facilities adhere to biological containment level 2 standards and are located in the counties
in which field releases will take place (Section G experimental program review, available on
www.regulations.gov in docket EPA-HO-OPP-2019-0274y, No egg production will take place in the US
facilities, and no other third-party mosquito strains will be reared in Oxitec’s field trial laboratories.
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6. Characterization of OX5034

a. Insecticide susceptibility

The OX35034 strain was tested for its susceptibility to several insecticides inchuding the larvicide
temephos (organophosphate) and the four adulticides permethrin (pyrethroid), deltamethrin {pyrethroid),
malathion {organophosphate), and propoxur (carbamate). The insecticide susceptibility studies presented
in MRIDs 50698718 and 50973405 are based on the standardized WHO threshold assays for the detection
of insecticide resistance in de. aegypfi (temephos) and anopheline mosquitoes (four adulticides) ata
single discriminating dose that is specific to each pesticide active ingredient (WHO 2016, 2018). These
assays allow for the determination of potential resistance of a tested mosquito strain to the active
ingredient through observation of mortality, but do not provide quantitative measures of resistance.
Temephos susceptibility was furthermore investigated by determining the LCsq for OX5034 and related
stratns,

X 5034 was shown to be susceptible to permethrin (0.75%), deltamethrin (0.05%), and malathion (5%)
at the respective discriminating doses. The WHO classifics mortality below 90% as confirmed resistance
for these adulticides (WHO 2018). 100% mortality in OX5034 and LWT after 24 hours exposure was

effects in OX5034 in all cases immediately after cessation of exposure compared to the LW'T strain.

Susceptibility of the OX35034 strain to the larvicide temephos was determined after initial results indicated
potential resistance of OX5034 and the LWT strains at the WHO recommended discriminating dose of
0.012 mg/l. Oxitec provided a study in which 100 larvae of the OX 5034, LWT, OX513A (which was
developed in the same LWT background), and a control strain with known temephos resistance (Cayman
wild-type), were challenged at the discriminating dose. While the WHO does not recommend a specific
resistance threshold for temephos, in comparison to the Cayman wild-type strain (51.7% mortality), ali
three Oxitec strains showed higher mortality: OX5034 (100% mortality), OX513A (100% mortality) and
the LWT (96.9%) and in addition significantly lower LCs values at the 95% confidence interval: Cayman

(0.0030-0.0047), and OXS513A LCso = 0.0031 (0.0029-0.0034). All three strains are therefore not
gxpected to be resistant to temephos and to respond to temephos challenge in a comparable manner.

Genetic analysis of the OX 5034 strain further supports the results of the insecticide challenge that
indicate that the OX5034 strain is susceptible to pyrethroids. Pyrethroid resistance in de. aegypti is often
correlated with the presence of two single nucleotide polymorphisms (SNPs) in the Voltage-gated sodium
channel gene (VGSC) that lead to two single amino acid substitutions, V10161 and F1534C, respectively
(Estep et al. 2018). These mutations manifest in the so-called knockdown resistance (kdr) phenotype by
reducing binding of the pyrethroids to the VGSC protein (reviewed in Hemingway and Ranson, 2000).
Multiplex PCR analysis of VGSC demonstrated the absence of these resistance-associated alleles in
OX5034. In de. aegypti, only one additional polymorphism, V4101 has been associated with pyrethroid
resistance. However, the two polymorphisms appear to have strong linkage (Haddi et al. 2017, Estep et al.
2018).
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The information presented in the four MRIDs were acceptable to address the insecticide susceptibility of
the OX5034 Ae. aegypii strain (Table 1). OX5034 was shown to be susceptible to the pesticide active
mgredients temephos, permethrin, deltamethrin, and malathion and the strain does not carry pyrethroid
resistance-associated Adr mutations. It is therefore expected that these four insecticides are effective for
controlling OX5034 in the field. Regarding temephos, it is of note that EPA issued a cancellation order
affecting all uses in 2011, while allowing for existing stocks to be exhausted (USEPA 2011). As a result,
any residual use of temephos is expected to be hmited in the US. While OX5034 showed possible
resistance to propoxur at the discriminating dose (0.1% propoxur; 89% mortality, n = 101), this adulticide
active ingredient has not been registered for use on mosquitoes in the US since the late 1980s, when EPA
determined that several outdoor uses of this chemical, including uses on mosquitoes, were not supported
by the data (USEPA 1997). Thus, any resistance associated with propoxur will not affect current
mosquito control practices.

b. Laboratory colony and arboviruses

Ae. aegypti is a vector of arthropod-borne human illnesses. Arthropod-borne viruses (arboviruses) may be
transmitted to humans through infected de. aegypti females during blood-feeding. In nature, these viruses
are primarily maintained through biological transmission between a susceptible vertebrate host and the
hematophagous arthropod (WHO 1985). The likelihood of introducing arboviruses into the environment
through OX5034 ficld releases was assessed (MRID 51094403,

0X5034 was developed in 2013 and has since been maintained as a laboratory colony (Unit ILA.5).
Introduction of arboviruses into the mosquito colony under these controlled conditions is unlikely to
occur. One possible point of entry is through the dietary horse blood provided to females to support egg
production. Even then, arboviral infection of the colony would only be conceivable if the blood contains
arboviruses to which de. aegypsi is susceptible and the viral titer is high enough to elicit female infection.
The dietary horse blood used in the production of GX5034 is purchased from a single supplier in the UK
(Unit ILAL5). Donor horses are kept in a closed herd that is under veterinary care. Before a horse is
eligible to become a donor, it is tested for equine infectious anaemia and equine viral arteritis viruses and
each blood batch is tested for bacterial sterility. These animal hushandry practices and quality control
standards by the supplier do not ehminate but reduce the likelihood of introducing contaminated blood
into the colony.

Ae. aegypti is commonly recognized as the principal vector of the vellow fever virus (YFV), dengue
vituses (DENV-1, DENV-2, DENV-3, DENV-4), chikungunya virus (CHIKV), and Zika virus (ZIKV)
(Souza-Neto et al. 2019). de. aegypti is therefore susceptible to infection by these arboviruses in nature.
While some studies have demonstrated that Ae. aegypfi can be experimentally infected with other
arboviruses that are of human health significance, transmission from infected mosquitoes to other hosts,
such as humans and wildlife, was found to be unlikely (Long et al. 2011, Muturi et al. 2011, Serra ot al.
2016, Joubert and O'Neill 2017, Brustolin et al. 2018, Chapman et al. 2018, Wiggins et al. 2018, Pezzi et
al. 2020). None of the four arboviruses for which 4e. gegypti is a major vector naturally occur in the UKL
The most recent data in the European Centre for Disease Prevention and Control’s Surveiliance Atlas for
Infectious Diseases record no locally acquired cases of DENV, YFV, CHIKY and ZIKV in the UK
(ECDPC 2017). While some human infections were recorded, all were acquired while traveling abroad
(Public Health England 2014, ECDPC 2017). Additionally, the UK has currently no known established
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populations of de. aegypti, which, as the primary vector of these arboviruses, would support their natural
transmission cycles and establishment in the UK. Since 2011, Public Health England runs a nationwide
mosquito surveillance project for invasive mosquitoes, including surveillance for dedes spp. at ports of
entry (Vaux et al. 2019). These efforts have on occasion identified the presence of few Ae. aegypii
individuals, but have not found any established populations of invasive dedes spp. mosquitoes {Medlock
et al. 2018). For example, in 2014, a single male Ae. aegypti was found in Merseyside, North West
England, but follow-up surveys determined that there was no established, self-sustaining population
{Dallimore et al. 2017). Two species of dedes spp. are present in the UK, de. cinereus and 4e. vexans
{(Medlock and Vaux 2009}, While Ae. vexans has been shown to be able to transmit some arboviruses in
the environment, it is only sporadically found in the UK and was therefore discounted from eco-
epidemiological considerations (Medlock et al. 2005}, Importantly, because none the four arboviruses for
which Ae. aegypi is the principle vector, nor 4e. aegypti itself, is found in the UK, their presence in the
horse bloed provided to the mosquito colony is unlikely.

In summary, the conditions under which OX5034 is reared are unlikely to result in the presence of
arboviruses in the colony. This assessment is based in part on the rearing location and the source of the
dietary blood provided to female mosquitoes. Consequently, if invasive dedes spp. or arboviruses for
which de. aegypii is the principal vector become established in the UK, or if the production colony were
to be moved outside of the UK, arbovirus status of the colony would need to be reconsidered.

c. Fecundity

The OX5034 strain was evaluated for fecundity through an egg clutch analysis. Three experimental cages
each contained 100 immature OX5034 homozygous males and 200 immature LWT females. One cage of
100 immatare LWT males and 200 immature LWT females was set up as a control. The cages were left
for 12 days to allow pupae to emerge as adults, mature, and mate. Females were then biood fed twice over
a three-day period. Two days after the second blood feeding, an oviposition substrate was provided and
was then removed two days later. Egg collection happened over four gonotrophic cycles and oviposition
papers from the 2* and 3™ gonotrophic cycles were photographed and analyzed using Imagel software to
estimate total egg number.

The study found that OX5034 homozygous males mated to LWT females produced smaller egg clutch
sizes than LWT males mated to LWT females over the two gonotrophic cycles assessed. Specifically, the
study found for OX5034 homozygous males mated to LWT females, the average number of eggs from the

compared to LWT males mated to LWT females, where the average number of eggs from the 2%
gonotrophic cycle was 53 eggs and 54 eggs from the 3" gonotrophic cycle.

As the LWT strain was used to produce the OX5034 strain, EPA also evaluated how results from both
laboratory matings compared to reports on wild Ae. aegypri chutch sizes in order to determine how the
strain’s background genetics may impact fecundity. The below values are from a literature search
provided by Oxitec:
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CDC National Center for Emerging and Zoonotic Infectious Diseases: 100 eggs/clutch
(https:/woww. ode govidengus/resources/TactSheets/ MosquitoLifeovele FINAL pdD

Cold Spring Harbor Protocol (Clemons et al. 2010y 100-150 eggs/clutch

Singapore National Environment Agency: 100 eggs/cluich
(hitps:/Ywww.nea.gov.se/denpue-zika/orevent-sedes-mosguito-breeding/aedes-mosguitn)

Metabolic relationship between female body size, reserves 26-118 eggs/clutch
and fecundity of Aedes aegypti (Briegel 1990):

The values provided above by the applicant are also in line with a literature search conducted by EPA
(Steinwascher 1984, Harrington et al. 2001, Goindin et al. 2015, Manorenjitha and Zairi 2015, {soc et al.
2019). The chutch sizes of the LWT and OX5034 mosquito matings are within the range expected for
Ae. aegypii.

d. Longevity

The longevity of OX5034 mosqguitoes was also evaluated with and without a tetracycline analogue dietary
antidote and the results were compared against LWT mosquitoes. OX5034 males (homozygous and
hemizygous), OX5034 homozygous females, and LWT males and females were reared and mated for two
days prior o being isolated for longevity analysis. All adults were provided with 10% sucrose solution ad
libitum and fomales received two blood meals (day 7 and 17). To deternmune longevity, dead adults from
all cages were removed daily and counted.

When reared with the dietary antidote, OX5034 homozygous females have shorter lifetimes than LWT
females. Specifically, OX5034 homozygous female mosquitoes and LWT female mosquitoes were found
to have median survivals of 42 days and 56 days, respectively. When reared without the dietary antidote,
the study found similar longevity between OX5034 hemizygous males with median survival of 44 days
and LWT males with median survival of 50 days. Conversely, the study found shorter lifetimes in
0OX5034 homozygous males with a median survival of 24 days compared to LWT males with a median
survival of 49 days.

As the LWT strain was used to produce the OX5034 strain, EPA also cvaluated how results from both
LWT and OX5034 analyses compared to reports on wild de. aegypti longevity in order fo determine how
the strain’s background genetics may impact lifespan. A literature search indicated that median survival
rates reported by the applicant are within the range reported in similar lab studies measuring Ae. aegypti
longevity when provided with food sources:

Superior reproductive success on human blood without sugar is not limited to highly anthropophilic
mosquito species {Braks et al. 2006):
57.18 &+ 4.26 days, female, sugar + blood meal
38.09 = 7.09 days, female, blood meal
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Payity and longevity of Aedes segvpi dccording ro femperstures in contrelled conditions sud
conseguences o dengue transmission visks {Gomdin et all 2015)
9-31 days, fawale, sugar + blood meal. 24 %C
14-56 davs, female, sugar + blood meal, 27 °C
19-44 davs, fomale, sugar + binod meal, 30 °C
The adaprarion of field collected dedes sepypri (1.0 and dedes alfbopictus {Shuse) in loboratory conditions
{Manorenjitha and Zawi 2015y

517 = 1.22 davs, male, sugar
3174 131 days, female, sugar

451+ 1.25 duys. femasle, sugar + blood meai
The longevity of the LWT strain mosquitoes and the OX3034 mosquutoes are within the range expected
for de segypil,

7. Analvtical detection methods

Information was provided tat showed that bome- and bemzygous OX5034 e aegvpy larvas expressing
the DaRed2-OX5034 Suovescent protein can be visually identified using the Hucvescence sorepmng
protocol (MRIDs 0889401 and S08R4271 The current enforcement analviical method has been
demonsteated 1o be a reliable qualitative indicator of DRRed2-0X3034 presence, eg., deternmation of
OX5034 mwheriiance pattern in Umit IV.5

E. Human Health Sewsmend
1. Toxivelogival profile

Oxiter condurted stadies t support a conchusion of no unreasonable adverse efferrs for humans 2% 8
result of the experimental pernd! to release Ao opgvp QX034 male mosquitoes, A summary of the
subnuitted data 15 provided o3 Table 4 and within the nisk assessment below, The apphicant also subnutted
scientific rationales 1o fullill the aoue rooacity dats requirements for the proposed EUPR, Full review of the
rationales » contained withun the DERs. Some of the references ctted i s assessment were meluded in
rationale provided by the spplicant withm the MRIDs csted. Other references were inchuded from the open
literature that pertamed o specific topics discussed below,

Table 4. Sununary of OX 3034 Human Health Data.

Sy tvned Tk Reaudts Suevmaes and € bosilivation

wie oral 6 This =3 o the ufbrmation

Acute mhalation 2701300 g}rezfviz;ieé 33;?-’ %?{1&'3 app_imaz;i a5 part of ﬁ%ﬁ& :éii;"l'r;'fil‘i‘iﬁf;’: SORESANS
xicHy ratipnales, mxformation pu the product provided in

Avute ey initation G AL ather pares of ﬁ:iﬁi a.g%}si;«z:aj:;«:zx;; and information fom e | sosgaq04

seientifie Hievatore, The information provided on the
Peimary dermal §70.2550 hazard assessment of TTAV-ORR034 and DuBed2- SOREOA0S
fyiation & L5034 1x, o s ven, nedeqguate 1o support the b
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Acute dermal toxicity

870.1200

waiver requests. However, exposure to OX5034,
tTAV-0X5034, DsRed2-0X5034 and the genetic

material encoding them through the dermal, oral, 51086001
pulmonary, and ocular routes of exposure i3 expected
to be neghigible. Thercfore, overall the waiver requests
for the acute oral toxicity, acute inhalation toxicity,
o B acute dermal toxicity, primary eye irritation, and nonadn
Hypersensitivity NA primary dermal irritation are acceptable. The statement | ~0589406
on the occurrence of hypersensitivity incidents is
acceptable.
Classification; Acceptable.
) C For penetrance, both laboratory and ficld studies were
The self-limiting - ] ) o - R
henotvoe : performed. Laboratory crosses of OX35034 mosquitoes
P - j’p N - and wild-type mosquitoes found that no OX35034
penstrance, longevity AP D TN
and egy clutch size of females reached the adult stage, confirming 100%
= o penetrance of the OX5034 phenotype. An additional
Aedes aegvpti, S o
Pl . study using field collected eggs from OX5034 releases
OX5034; Evaluation . . N .
of field penctrance of in Brazil also found complete penetrance of the 50889417
OX‘§ 034 in o eﬁ | N/A OX5034 phenotype. The ficld study indicates that the 50889423
i:eievaf;c; ﬁél d t}z ja;]‘; i OX5034 phenotype still results in female lethality even | 50889428
y P when the OX5034 tDNA is placed in a different
Todaiatuba, S0 Paulo . .
T genetic background. Finally, the study confirmed the
State, Brazil; . ; .
Supplemental ability of fluorescent screening to determine
Puppiementa presence/absence of the OX5034 rDNA by performing
mformation in . 7
support of the study PCR-based genotyping.
TERe e Classification: Acceptable.
The dose-response of OX5034 mosquitoes to a range
of tetracychne analogues required to rescue female
Dose response of OX 5034 mosquitoes was evaluated. A literature
hemizygous dedes review of tetracycline levels resulting from industrial
aegypti UX5034 to or houschold tetracychine usage found that the
tetracyclines and , environmental concentrations of tetracychne analogues | ..

B ] N/A ) ) - A 50889415
effects of appear to be below the levels required to folly rescue
environmental adult females capable of maintaining flight. A loecal
exposure to survey of environmental concentrations in the EUP
tetracyclines treatment areas and investigation nto tetracycline

degradates would improve the study.
Classification: Supplemenial.
The study provided bioinformatics analysis on the
allergic and toxic potential of the tTAV-0X5034 and
DsRed2-0X5034 proteins that were based on protein
Biomformatics homelogy to known allergens and toxins and provided
analysis for risks of a literatare review of the organisms from which these
allergenicity and proteins (and their individual sequence components) 50880470
toxicity of tTAV- N/A were derived. The data presented in this study were ’ -
0X5034 and DsRed2- determined to be sapplemental to the overall
0OX5034 (in silico and evaluation of toxicity and allergenicity of the two
literature review) proteins. No determination of the allergic or toxic
potential for tTAV-0X5034 and DsRed2-0X5034 has
been made at this time.
Classification: Supplemental.
Protein digestibility Two studies were presented in this MRID: A
and environmental bioinformatics-based assay showed that, based on the 5088047 ]
degradation of N/A overall charge density of the {TAV-0X5034 (both CrneERet

OX5034 tTAV-
{X35034 and DsRed?2-

cleaved and uncleaved variants of the F2 transcript)
and DaRed2-0X5034, these proteins are unlikely to
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OX5034 proteins by cross cell membranes. The analysis was classified as

proteases, and acceptable.

likelihood of these In silico analyses predict that both the cleaved and
proteins crossing a uncieaved version of the tTAV-0OX5034 variant as
cell membrane well as DsRed2-0X35034 are susceptible to

degradation by several proteases present in the human
gastric system and the environmental protease
proteinase K. These studies were classified as
acceptable. The in vitro assay resulis confirmed some,
but not all of the results obtamed from the in sifico
analyses. Due to uncertaintics in some of the in vitro
data, the study was overall classified as supplemental.
Classification: Supplemental.

2. Mammalian toxicity and allergenicity assessment

a. Toxicity assessment

Toxicity of the OX5034-expressed proteins was cvaluated through protein sequence comparison with
known toxins that are deposited in the NCBI databases using the BLASTp program coupled with the
fimiting keywords “toxin™ and “toxic.” The current study relied on protein sequence identity with known
toxins deposited in the NCBI databases and utilized the Codex Alimentarius guidelines (Codex
Alimentarius 2003) of 35% protein identity to determine significant matches. It is expected that this
approach is likely to have uncovered relevant results because the search was conducted as a global
sequence alignment, used a conservative identity threshold, and evaluated the literature associated with
those proteins that shared greater than 35% sequence identity. At this level of identity, proteins are
generally expected to have similar tertiary structures {Abagyan and Batalov 1997, Sillitoe et al. 2015),
which may reflect similar biological activities. This analysis was coupled with subsequent review of the
literature associated with the identified NCBI entry. This latter step is important as sequences identified
through BLASTp are obtained from several sources, including translation from annotated coding regions
in GenBank, RefSeq, and third-party annotation (TPA), as well as records from SwissProt, Protein
Information Resource (PIR; website: hitps://pir.georgetown.edu/), Protein Research Foundation (PRF),
and Protein Data Bank (PDB) and therefore not every significant match with a protein deposited in NCBI
may also be biologically relevant. Separately, the company also conducted a literature search to evaluate
the toxic potential of the source organisms for the individual components of the tITAV-0X5034 and
DsRed2-0X5034 proteins.

i tTAV-0OX5034

The tTAV-0OX5034 protein is a chimeric fusion of the minimally altered Adeadsx splicing module from 4e.
aegypti, UBQ from D. melanogaster, linker sequences, and tTAV. The latter is itself a fusion of the
tetracychne repressor (TetR) from F. coli and the viral tegument protein 16 (VP16) from the herpes
stimplex virus-1 (H3V-1; Unit ILA.1). Using the search criteria outhined above, tTAV-0X5034 showed
significant homology to other tetracycline-controlled transactivator (1TA) proteins in the NCBI databases
but not to known toxins. A literature review using “tTAV” as a key word revealed that the protein and its
components are generally well tolerated when expressed in vivo. For example, the TetR domain has been
successfully expressed in mice, demonsirating a certain tolerance to this part of the tTAV-0X5034
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protein (Schonig et al. 2013). Furthermore, rabbits survived immunization with the VP16 antigen to
produce the polyclonal antibody (AbCam; MRID 50889419), which demonstrates a certain level of
marmmalian tolerance to that part of the tTAV-0X5034 protein via injection. Some adverse effects have
been observed in transgenic mice that expressed tTA proteins, which manifested in emphysema-like
symptoms in the lungs and neuronal loss (Sisson et al. 2006, Han et al. 2012). However, these effects are
generally thought to be the result of differential gene expression mediated by the tTA protein and there is
no indication from the literature that these effects are due to an inherent toxicity of the protein (Han et al.
2012).

The modified Acadsx protein, which comprises the N-terminus of tTTAV-0X5034, is endogenous to de.
aegypti and thus is not expected to be cylotoxic when expressed in insects. UB(Q was fused in between
Aeadsx and tTAV to facilitate release of the active tTAV variant from the full-length protein subsequent
to translation. While this particular UBQ protein sequence was devived from 7). melanogaster, UB(Q) is
structurally and functionally regarded as one of the most highly conserved proteins in Eukaryota and
therefore is expected to be well tolerated by these organisms (Hochstrasser 2009, Zuin et al. 2014).

Due to the lethal nature of the Tet-OFF gene circuit engineered into the OX5034 mosquito, it 1s difficult

that may be the result of tTAV-0X5034 toxicity. However, it remains relevant to note that male adult
0X5034 mosquitoes express the tTAV-0X5034 mRNA and can complete their life cycle (Units 1LA3
and 4.b).

In summary, the information presented in this study, supplemented with information from other parts of
the application and the published scientific literature, support the finding that the individual components
of'the tTAV-OX5034 protein are well tolerated in several eukaryotic organisms. In addition, the two
variants of the tTAV-0X5034 protein, uncleaved and cleaved, share no significant protein homology to
known toxins. Lastly, there is no indication in the literature to suggest that the source organisms of the
various proteins that comprise the tTAV-0X5034 protein have toxic characteristics.

ii. DsRed2-OX5034

Using the search criferia outhined above, the DsRed2-0X5034 protein showed no significant homology to
known toxins but shared significant similarity with other fluorescent proteins. Fluorescent proteins have
many applications in molecular cell biology, inchiding as gene expression markers, protein tags, and for
investigating protein-protein interactions i vivo. To that end, in addition to OX5034 de. aegypti, other
transgenic organisms stably expressing DsRed? and related protein derivatives have been created
including other msects (Simmons et al. 2011), fungi (Nahalkova and Fatehi 2003), plants (Nishizawa
{Nishizawa et al. 2006}, mice (Ryu et al. 2013), and rats (Sato et al. 2003). The successful expression of
these related proteins speaks to a certain level of tolerance by eukaryotic organisms, including mammals.
Rabbits can also be immunized with the DsRed-Express antigen for the production of polyclonal
antibody, which indicates mammalian tolerance to this DsRed protein variant through injection {TaKaRa -
Clontech; MRID 50889419).

However, cytotoxic effects have also been observed in association with the heterologous expression of
fluorescent proteins such as those discussed above, including variants of DsRed?. Adverse effects
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manifested in the failure of obtaining stably expressing mammalian transformants and reduced growth of
transformed mammalian cell iines {(Hadjantonakis et al. 2002) (DsRed); (Koelsch et al. 2013) (GFP);
(Zakrzewska et al. 2014) (DsRed2)]. Only a few studies could be found in the literature that explored the
potential cytotoxic mechanisms for DsRed variants [(Zhou et al. 2011) (DsRed and DsRed-Express2)]
and many of those effects are attributed to protein tetramerization and aggregation resulting from the
constitutive expression of these proteins i vivo { Yanushevich et al. 2002, Strack et al. 2008).

The DsRed? protein variant served as the blueprint for the development of DsRed2-0OX5034. DsRed2
itself was originally created in search of a DsRed! variant with reduced aggregation properties and low
cytotoxicity. Three N-terminal amino acid substitutions (R2ZA, K5E, and K97} in DsRed] increased
protein sohibility and generally reduced cytotoxicity (Yanushevich et al. 2002). DsRed2-0X5034 is
virtually identical to this DsRed? variant, but in addition contains a bipartite NLS and linker sequences at
its N-terminus and C-terminus (resuiting m a protein that is 15% larger). The N-terminal NLS was
originally identified in the SV40 large T-antigen in humans, and as such is unlikely to cause mammalian
toxicity concerns by itself (Kalderon et al. 1984). The C-terminal NLS is very similar in sequence, but it
is unclear from the study whether it is a native or a synthetic NLS. Given that the composition of'the N-
terminus appears to be an important determinant for the tendency of DsRed? to aggregate when expressed
in vivo, it is not possible to anticipate the behavior of DsRed2-0X5034 and to what extent this may affect
the cytotoxic characteristics of the protein. It is relevant to note that these adverse effects were observed
in the context of in vivo expression (both transient and constitutive), which represents a uniquely high
exposure scenario for these transgenic organisms and cell ines, especially when the protein is expressed
constitutively. fn vivo expression of proteins can also disrupt normal cellular function, which in turn may
have contributed to the observed adverse effects.

In summary, while no determination has been made on DsRed2-0X5034 toxicity, two lines of evidence
that commenly support the hazard evaluation of proteins suggest that DsRed2-0OX5034 is not toxic: first,
there is no evidence from the literature indicating that Discosoma sp., from which DsRed2-0X5034 was
derived, has toxic characteristics and secondly, DsRed2-0X5034 itself does not share significant
homology to known toxins. In addition to the characteristics of the source organism and the DsRed2-
0OX5034 protein itself, the characteristics of proteins that are closely related to DsRed2-OX 5034 in
sequence were considered. While some DsRed protein variants cause cytotoxic effects when expressed in
vivo, there is no evidence to suggest that this group of related proteins is inherently cytotoxic. This
conclusion is supported by their broad use as fluorescence markers in eukaryotic systems in vivo,
including mammals. Additionally, a certain level of tolerance to some DsRed2 variants via the injection
route of exposure is evidenced by the successtul production of antibodies in rabbits, a process that usually
requires several rounds of injections, either subcutaneous, intradermal, intramuscular, intraperitoneal, or
intravenous route (Leenaars and Hendriksen 2005).

b. Allergenicity assessment

Bioinformatics analyses of the primary protein sequence of tTAV-0X5034 and DsRed2-0X5034 were
performed using three databases, AllergenOnline (AOL; Food Allergy Research & Resource Program,
University of Nebraska), COMPARE (Comprehensive Protein Allergen Resource, Health and
Environmental Sciences Institute (HESI)), and the NCBI Entrez Protein database using “allergen™ as a
restricting keyword. These bioinformatics analyses commonly help determine the potential for IgE cross-
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reactivity. AOL and COMPARE are curated databases for putative and known food and non-food
allergens, including mosquito allergens, while the NCBI Entrez Protein database is not restricted to
allergenic proteins. In addition, a literature search was also conducted to evaluate the allergic potential of
the source organisms for the individual components of the {TAV-0X5034 and DsRed2-0X5034 proteins.

i tTAV-OX5034

{TAV-0OX5034 did not show significant homology with any allergenic proteins. The uncleaved form of
the tTTAV-0X5034 protein {which is expressed in adult males MRID 50889401} is a chimeric fusion
protein of the minimally altered Aeadsx splicing module from 4e. aegypii, the tetracycline repressor
{TetR) from £. cofi, the viral tegument protein 16 (VP16) from the herpes simplex virus-1 (H5V-1), UBQ
from D. melanogaster, and linker sequences. A literature review using keywords related to “F. cofi ” and
“Herpes” coupled with the keywords “allergen” and “allergy,” respectively, did not uncover any studies
that indicate that these source organisms have allergenic characteristics. Only 4e. aegypii is a known
source of allergens, as female saliva contains several allergenic proteins. Given that tTAV-0X5034 is a
chimeric fusion protein comprised of several proteins from various source organisms and contains only
part of the endogenous Agadsx protein, it is questionable whether the allergic properties of de. aegypri are
biologically relevant for evaluating the likelihood of tTTAV-0X5034 allergenicity.

if. DsRed2-0X5034

Evaluation of the information provided by the
applicant in MRID 50889426 was not finalized and no determination on the allergenic potential of
DsRed2-0X 5034 has been made at this time. There is no indication in the literature to suggest that
Discosoma sp., from which DsRed2-0OX5034 was derived, has allergenic characteristics.

¢. Mammalian toxicity and allergenicity conclusion

The risk that a pesticide poses to human health is a function of hazard and exposure. As discussed in
Unit ILB.3.b, the most significant exposure to tTAV-0X5034 and DsRed2-0X35034 would be expected
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from biting females if they were present in the environment. Due to the lack of temales, i.e., negligible
exposure, the risk from OX5034 is considered negligible and thus, the hazard data were not necessary to
support the finding of no unreasonable adverse effects for humans.

In addition to information characterizing the exposure to OX5034, Oxitec provided information
characterizing the hazard of tTAV-0X5034 and DsRed2-0X5034. Mammalian toxicity and allergenicity
of transgenic proteins is commonly evaluated in association with the hazard assessment of plant-
incorporated protectants (PIPs) engineered into food plants and is based on a weight-of-evidence
approach. These assessments often consider a combination of data obtained from animal testing, several
in vitro analyses of the protein, and prediction of protein behavior using bioinformatics tools. While
0OX5034 is not proposed for food use, the same established risk assessment framework for the assessment
of toxicity and allergenicity was considered to evaluate tTAV-0OX5034 and DsRed2-0X5034. Given the
differences between distary exposure and intradermal exposure, i.¢., from blood-feeding females, some of
the information elements that commonly characterize the hazard for PIPs in food plants may weigh
differently on the assessment of OX5034. To what extent they are different and how, if at all, this
difference may affect the hazard assessment remains to be determined. Relatedly, the Agency has not
determined whether additional data would be needed to support the hazard evaluation for proteins, such as
tTAV-0X5034 and DsRed2-0X5034, that may pose intradermal exposure. Below we discuss the
mammalian toxicity and allergenicity data provided by Oxitec and highlight specific considerations for
gxposure of proteins through the intradermal route.

The assessment of protein foxicity is commonly comprised of a combination of acute oral toxicity data
generated in rats, supplemented with homology searches of the protein sequence to known proteinaceous
toxins. In support of the toxicity assessment of tTAV-0X5034 and DsRed2-0X 5034, Oxitec provided
bioinformatics and literature analysis on the potential toxic characteristics of the transgenic proteins,
related proteins, and the source organisms of the transgenic proteins. This information did not indicate
that either protein is inherently toxic. Mammalian acute toxicity studies for tTAV-0X5034 and DsRed2-
0X5034 was not provided. At this time the Agency has not determined whether the results of the
presented protein homology and literature-based assessments alone are sufficient to support the hazard
assessment of tTAV-0X5034 and DsRed2-0X5034.

EPA uses the Codex Alimentarius guidelines to evaluate proteins for their allergic potential (Codex
Almentartos 2003). The Codex guidelines are based on a weight-of-evidence approach, which generally
considers homology to known allergens, allergic characteristics of the source organism from which the
protein was derived, proteolytic susceptibility of proteins to gastrointestinal proteases, and protein
glycosylation. This information commonly informs the hazard assessment of proteins through the oral and
inhalation routes of exposure. Oxitec provided some, but not all of the data commonly associated with the
allergenicity assessment of dietary proteins, including homology to known allergens and a literature
review of the allergenic characteristics of the source organisms from which the proteins, and/or their
individual components were derived. These data did not indicate any allergenicity concerns for tTAV-
0X5034 and the evaluation of the information provided for DsRed2-0X5034 has not been finalized.
Other data, including the protein digestibility were not adequate to demonstrate lability under these
conditions and some, such as protein glvcosylation, were not provided (MRID 50889421; Table 4).
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Human exposure to de. gegypti is primarily mediated through females who rely on a blood meal from a
vertebrate source to support egg production (Valzania et al. 2019). For feeding to occur, the proboseis
must break the skin barrier (epidermis) to reach the blood vessels in the dermal layver. During the probing
phase, female mosqguitoes inject a few nanoliters of saliva intradermally (Hopp and Sinnis 2015). Female
saliva contains anti-hemostatic, anti-inflammatory, and immunosuppressive factors that counteract
physiological responses at the bite site and facilitate feeding (Ribeiro and Francischetti 2003, Calvo et al.
2006, Choumet et al. 2012, Ribeiro et al. 2016). As such, the route of exposure to proteins that are
secreted into the saliva of biting female mosquitoes is more accurately described as intradermal. Given
the differences in the proteolytic environment between the human gastric system and the dermis, the
question arises to what extent the same hazard assessment approach, and Codex guidelines for food
safety, are applicable.

Proteins that are demonstrated o be susceptible to proteolytic degradation in the human digestive system
are thought to have a lower likelihood to elicit adverse effects due to reduced exposure. Some proteins
injected by mosquitoes have been detected for up to 18 hours in the skin of mice bitten by Anopheles
gambiae (Choumet et al. 2012} and thus, tTAV-0X5034 and DsRed2-0X5034, if injected, may have the
potential to elicit prolonged intradermal exposure. Relatedly, the toxic characteristics of a protein may be
different when injected into the skin versus (epi)-dermal exposure, especially in the absence of adjuvants,
e.g., snake venoms must generally be injected for toxicity to vccur. Mosquito bites furthermore create
local inflammatory responses resulting from a combination of the puncturing of the dermis and blood
vessels and the presence of naturally oceurring allergenic proteins in the mosquito saliva, which may alter
the dermal response to a substance at the affected location. Thus, intradermal exposure to a substance is
arguably different from dermal exposure. To what extent they are different and how, if at all, this
difference may aftect the hazard assessment of proteins that pose an intradermal exposure risk remains to
be evaluated,

3. Human exposure and human health risk characterization

a. Penetrance of the female-lethal trait

i. Laboratory and field studies confirming 100% penetrance in the absence of tetracvcline

In the context of this risk assessment, penetrance refers to the proportion of individuals of a given
genotype that show the phenotype typical of that genotype. In the case of penetrance of the self-limiting
trait of OX 5034 strain, this refers to the proportion of female insects that that die before reaching
adulthood. To confirm that the OX5034 self-limiting trait indeed results in 100% female lethality,
laboratory crosses were performed (Table 5). Crosses were reared both with the dietary antidote
{doxycycling, a telracycline analogue), which rescues OX5034 females, and without the dictary antidote.
Rearing condilions without the dictary antidote are considered {ield-like conditions.

Laboratory crosses of OX5034 mosquitoes and LWT mosquitoes found that no OX5034 females reached
the adult stage when reared without the dietary antidote, confirming 100% penetrance of the 0X5034
phenotype. Experimental design resulted in the testing of 500 females homozygous with the OX5034
gene and 1000 females hemizygous with the OX5034 gene. Females hemizygous with the OX 3034 gene
are genctically comparable to the female offspring that would result in the field from OX5034 male
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redeases and therefore, 11 1s snportt that even with ondy one copy of the (05034 gene, 100% female
lethmlity was confinmed.

Table 5. Crosses for penstrance festiug. “OXS34 refers 1o 2 homozygons individual (carrving two copies of the
irarsmgene ) LA refers to an individual withow! sy copy of the msgene. DX3034 orossed 1o LW will produce
progeny with aue copy of the transgene. LWY crosesy act 8¢ 3 negative contvod, with rero sopies of the GX5034
transgene, Doxyoyekine 19 » tedrnevehne analogoe. This table has been modified from MBID 30885417 wrefer o
W as LW

Crass B0 L brvae dn 2’§}§§ mi. | 280 L1 larvae in 300 ml
dovvovcHoe (4 nyomly #ouater
O34 0 x QX034 § 5 repeats A reponts
Q8634 T x LWT ¥ % repeals 3 repeats
YA ¥ x LWT & % vepeats % yepoats
LWY T w LWT ¥ 5 repeats 5 repesds
Frold collevted egus from OXS034 releases ontside of the United States (US) were brought into the

labovatory, hatched, sud reared in the absence of the shetary annidote. The study fonnd complete
penetrance of the ON5034 phenotype in the Geld collected samples, indicating that the OX5034
phenvtype sull resulis i female lethality s hemizygous progeny even when the OXS03 it 15
gxpressed in a different genetiv background from a geographically distine population. PUR reactions
were also rum for a subset of the Beld collected samples to confinm that surviving Females bebeved to lack
the OXA034 cassene based on a lack of Buoresvence, did mndecd lack the OXE034 cassgtie (Le, 1ty
comfinm that swrviving wild-type fomales were iy wild-typel. The resnlis fom the studizs weing
mosguitoes from Isboratory colontes and from field collections, demonsirate that the OX3034 phenotype
is 100% penetrant and thet all females containing a vopy of the OX5034 trat die poioy to adulthued when
rearsd in the absence of o tetracyeling aunlogue.

i, Ermcirommendal souwrces of ieiraoveiing

Becanse the presence of tetracyeline(s) m the environment may affect survivability of female OX3034
mosquitoes, the hkelibood that OX3034 mosquitoes would envounter tetracyehine sources at levels high
enough for vescng from the lethal phenntype was svaluated. Several lines of evidence meluding a survey
of environmmental levels of teiacyeline, tetracyeling dose-resporse testing of OX3034 fenales, and
pviposition behavior of de. gegypd, indicate that the risk of hennrvgous OX3034 {omale mosquitos
emerging m the envimmuent due to high levels of retracyoline s b, Trial site ocation restiictions using
known de. cegypti dispersal distances to B! exposors 1o locations with highey probabilities of
contaimng tetracycine would further reduce the hkelihood of OX3034 females m the environment 1o the
poat where the nisk woudd be considerad npgligible.
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Tetracyclines in the environment can come from human or animal drugs, or non-drug sources such as in
agriculture. The dose-response of OX5034 mosquitoes 1o a range of tetracycline analogues (doxycychne
chlortetracycling, tetracycline, and oxytetracycline) was evaluated to determine what levels are required
to rescue female OX5034 mosquitoes (MRID 50889415). These rescue levels were compared to
concentrations of the tetracycline analogues typically found in the environment as a result of industrial or
household tetracycline usage in the US. Environmental concentrations were obtained through a literature
search combining USA with the name of each tetracycline analogue and with relevant terms like
wastewater, effluent, ground water, or surface water. In all cases the minimmum concentration for each
analogue required to rescue OX3034 females capable of maintaining flight is higher than the mean
concentrations found in environmental water bodies for the studies reviewed. Because tetracycline
analogue levels in the environment were found to be lower than the levels needed for OX5034 rescue,
there is a low risk of OX5034 mosquitoes encountering levels of tetracycline high enough to result in the
emergence of hemizygous OX5034 females.

The oviposition behavior of 4e. aegypii further reduces the likelihood that OX 5034 mosquitoes would
gncounter sources where tetracycline and its analogues may be present. de. gegypti prefer man-made
containers such as gutters, water containers, and tires that hold rainwater or clean still water for their
breeding sites (TunLin et al. 1995, Hribar et al. 2001). These containers are unlikely to house significant
levels of tetracycline analogues. Female de. aegypii also lay their eggs at several different sites as
opposed to laying them in one breeding container. This oviposition behavior creates a challenge in terms
of pest control, but further reduces the likelihood that many eggs would be laid in water containing
significant concentrations of tetracycline analogues.

Aquaculture facilities, farms, hospitals, or municipal sewage facilities are likely the only sources that
theoretically could introduce sufficiently high levels of tetracycline into the environment to allow survival
of OX 5034 females, although the literature swrvey of environmental levels found this to be unlikely. EPA
nonetheless considered the likelihood that these potential sources of tetracycling are present or would
pose an exposure risk in proposed trial areas based on information specific to the proposed locations.
Given that the proposed trial areas are likely to be in developed (urbanized) areas due to preferred de.
aegypti habitat (i.e., 4e. aegypri is adapted to humans and urban areas), the presence of livestock or
aquaculture is not expected as these are more likely to be in rural environments which would not provide
suitable testing locations. However, because Florida is a major producer of citrus and oxytetracycline
applications are being used in citrus groves to combat citrus greening, the applicant initially stated that the
outer boundary of the trial arcas will be greater than 400 m from commercial citrus growing areas to
reduce the likelihood that OX5034 mosquitoes could encounter increased levels of oxytetracycline as a
result of these applications. Although longer dispersal distances for Ae. aegypsi have been observed, 8
compilation of release recapture studies around the world found that most de. aegvpsi arve recovered
within 20 m to 50 m of the release point, with a small percentage found 170 m but generally not more
than 200 m from the release point (OECD 2018). Therefore, a restriction of 500 m from citrus growing
areas (200 m for released OX5034 males + 200 m for mated Ae. aegypti females + 100 m of additional
buffer) is more appropriate to provide a conservative buffer zone. These numbers are also in agreement
with previous field releases of OX5034 male mosquitoes in Brazil which recorded maximum dispersal
distances of 198 meters.

A 2004 survey found that although most mosquito larvae in the Florida Keys were collected from tives,
flowerpots, planters, and trivets, some larvae were collected from sewage treatment plants, septic tanks,
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and cesspits (Hribar et al. 2004). However, these are not preferred breeding sites and breeding in septic
tanks can only occur where the lid is cracked or broken (Burke et al. 2010). Furthermore, since 2004, Key
West and surrounding areas in Monroe County have eliminated most septic tanks and use a public sewer
line system as the major means of waste disposal. Most of the County is now served by the Cudjoe
Regional Wastewater System that includes a deep injection well, which disposes of treated effluent 3,200
feet below the surface, thus excluding exposure of de. aegypti to effluent (see web links for City of Key
West , Monroe County Wastewater Master Plan in references). Each of the Florida Keys Aqueduct
Authority Wastewater Districts? has its own municipal wastewater treatment facility, which consist of a
series of open holding tanks. These open holding tanks could allow access 1o mosquitoes, although this
would not be a preferred breeding site as Ae. aegypri prefer to oviposit in clear waters. The likelihood of
these tanks containing high enough levels of tetracycline to rescue OX5034 females is also low because
tetracycline rapidly undergoes agqueous photolysis in the presence of sunlight. In Harris County, Texas,
reclaimed water from all of Houston wastewater plants is discharged directly into a surface waterway,
usually one of the arca bayous (see web link City of Houston in references). However, bayous are not
typical breeding sites for de. aegyp#i and any tetracycline present would also undergo aqueous photolysis.
The handling of sewage effluent from hospitals in the trial areas is unknown, however these are likely to
be closed systems connected to the centralized wastewater treatment systems.

The Agency considers it unlikely that these abovementioned sources would have sufficient levels of
tetracycline to rescue OX5034 females based on the literature survey but finds that limiting the proximity
of trial site locations from any wastewater treatment facility in either Monroe or Harris County would
further reduce that likelihood. Therefore, a restriction of 500 m from a wastewater treatment site (200 m
for released OX5034 males + 200 m for mated Ae. aegvpsi females + 100 m of additional butfer) provides
a conservative buffer zone,

In addition to the traditional sources of tetracycline discussed above, it has been shown in a laboratory
study when OX513A larvae (Oxitec’s Generation | mosquito} were exclusively fed a chicken-based cat
food, some survival to aduithood occurred due to tetracycline contamination (Massonnet-Bruneel et al.
2013). As the trial areas are expected to be in urbanized areas, the presence of pets and their food, such as
cat food that may originate from organs/meat from antibiotic treated husbandry animals, is likely.
However, cat food is not believed to be a plansible source of tetracycline exposure for OX5034
mosquitoes in the environment as it would require a number of steps: that adequate levels of cat food be
found in a container to create a high enough concentration of tetracycline to rescue OX 5034 females, that
the container also hold adequate levels of water for mosquito development, and that these conditions be
maintained over at least 8-10 days for larval and pupal development. In addition, exposure to sunlight
would result in aquecus photolysis, so to maintain adequate tetracycline levels the cat food container
would have to remain in the shade. For the reasons cited for cat food, other meat-based pet foods are not
considered o be plausible sources of tetracychine exposure.

Finally, the Agency also considered whether degradation products of tetracyclines could impact OX5034
female survival. Limited information is available as to environmental concentrations of these degradation
products or how the varicus degradation products could interact with the Tet-OFF system. However, as
these degradation products are products of tetracycline, it is logical to infer that sources believed to have
the highest concentrations of tetracycline are also those most likely to have any significant level of

2 Navy, Key Haven, Big Coppitt, Bay Point, Cudjoe Regional, Duck Key, and Layton Long Key.
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degradation product. Therefore, any restrictions on the location trial area boundaries and wastewater
treatment facilities or citrus groves would also reduce uncertainty surrounding degradation products.

Based on known oviposition preference of de. aegyp#i and literature surveys of environmental
concentrations of tetracycline analogues indicating levels lower than those shown necessary through dose
response testing to rescue OX 5034 females, the likelihood that OX5034 mosquitoes would encounter
tetracycline levels high enocugh to result in OX5034 fomales is low. However, maintaining sufficient
distance between trial area boundaries and potential tetracycline sources would further increase
confidence that there will be no OX5034 females in the trial areas, and reduce uncertainty surrounding
potential degradation products. Based on worldwide release recapture studies (OECD 2018}, trial area
outer boundaries at least 500 m from these potential tetracycline sources (i.e., citrus groves and
wastewater treatment facilities) would greatly reduce remaining uncertainties as this wounld account for
0OX5034 male dispersal and mated de. aegypii dispersal. Therefore, although the likelihood that released
0X5034 mosquitoes encounter levels of tetracycline or its analogues high enough to result in the
emergence of OX5034 females is low, by further reducing access to these potential tetracycline sources,
the likelihood would be reduced to negligible.

b. Human exposure characterization

The risk assessment process for pesticide evaluation is characterized by determining the hazard and
gxposure to a pesticide product using the basic equation: Risk = Hazard x Exposure. Based on this
relationship, a pesticide may not exhibit human health risk if it poses either negligible human health
hazards and/or negligible human health exposure. A discussion of the potential for human exposure to
0OX5034 Ade. aegypti and its associated traits is provided below.

.. Dermal exposure

OX5034 Ae. aegypti are proposed for environmental releases where they are expected to spread the
tTAV-0X5034 and DsRed2-0X5034 traits throughout the local Ae. aegypii population. Given this
method of pesticide application, the biology of 4e. aegypti is an important consideration for evaluating
the potential human exposure to OX5034 and associated traits. The dermal route of exposure to tTAV-
0X5034 and DsRed2-0X5034 is considered the most relevant were females to be present in the
environment, as they could expose humans to both proteins while taking a blood meal (Unit [1.B.2.c).

As discussed in Unit [LB.2.¢c, at the time the review was completed, no determination on the hazard
potential of the tTAV-0X5034 and DsRed2-0X5034 proteins was made. Hazard information is not
required, however, to support the current risk assessment of OX5034 due to negligible exposure to female
Ae. aegypti expressing the tTAV-0OX5034 and DsRed2-0X5034 proteins and the resulting negligible
human health risks from these individuals (Unit H.B.3.a). Negligible exposure to females is based in part
on an analysis of potential oxyictracycline sources in the proposed EUP locations and the subsequent
recommendation of spatial separation of OX5034 releasc sites from commercial citrus growing areas and
wastewater treatment sites. These parameters reduce the likelihood that OX5034 mosquitoes could
encounter increased levels of oxytetracycline, and consequently, reduces the likelihood of emergence of
female de. aegypii carrying the OX5034 traits.
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Dermal exposure to male OX 5034 was also considered, as these will be released into the environment.
The only plausible route of dermal exposure to male OX5034 is expected to occur via direct (epi-)dermal
contact, e.g., upon landing of an adult mosquito on bare skin. This is because males, unlike females, do
not feed on human blood, but rather rely on plant carbohydrates for energy synthesis (Foster 1995,
Ribeiro et al. 2016). Given the male feeding behavior, the frequency of human interaction with male
mosquitoes is expected to be minimal. Even if direct skin contact were to oceur, because the tTAV-
0X5034 and DsRed2-0X5034 proteins are present within the insect’s cells, exposure to these substances
is expected to be negligible.

ii. Oral exposure

Oral exposure to OX5034 males is expected to be negligible. OX5034 is not proposed for food use, and
therefore oral exposure is only conceivable through accidental ingestion of mosquitoes. As discussed in
the dermal exposure section above, exposure to adult female OX5034 13 expected to be neghigible. The
experimental protocol of this EUP proposes releases of both mosquito eggs and male adults to evaluate
the effects on the local Ae. aegypii population. Eggs will be deployed in rearing boxes from which adult
0X5034 males will emerge. The parameters of the egg deployment are unlikely to be conducive for
accidental ingestion to occur. The rearing boxes will be physically isolated from the public, or where that
is not possible, located out of public view. Handling of the relcase devices is only required during a time
when adult mosquitoes are not present, 1.e., during their initial placement and sefup and after adults have

emerging from the rearing box is high enough for accidental ingestion to occur, as mosquitoes are
expected to develop somewhat asynchronously, resulting in a staggered release of adult males from the
rearing boxes.

Adult male OX5034 releases from vehicles are expected to facilitate dispersal of the mosquitoes in the
environment and reduce potential interaction with the applicator to negligible levels. Releases of
mosquitoes from containers on foot may result in increased male OX5034 mosquito abundance only at
the time and location of application. However, because males do not seek out human interaction and are
likely to quickly disperse once released to find shaded areas and look for food and mating opportunities,
the hikelihood of accidental ingestion, remains low. Together, oral exposure to tTAV-0X5034 and
DsRed2-0X5034 13 expected to be negligible.

Another conceivable route of exposure to tTAV-0X5034 and DsRed?-0X5034 may be through ingestion
of water containing OX5034 eggs or larvae that resulted from the matings of OX5034 males and local
females. While de. aegyp#i is an anthropophilic species, its oviposition sites are not expectedtobea
source of potable water in the proposed test areas. de. aegypti is a container-breeding species that is often
found to lay eggs in small bodies of water such as puddles, tires, and plants {e.g., leaf axils of bromeliads;
phytotelmata). Any OX5034 mosquitoes that are present in these bodies of water and that are unable to
matare due to the expression of the lethal tTAV-0X5034 protein will be exposed to the normal processes
of biodegradation. This expectation is supported by the bicinformatics analysis that predicts susceptibility
of'the tTAV-OX5034 and DsRed2-0X5034 proteins to the environmental protease proteinase K. Based
on these considerations, it is expected that tTAV-0OX5034, DsRed2-0X 5034 are degraded, virtually
¢liminating this route of exposure.
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iii. Ocular exposure

Ocular exposure to tTAV-0X5034 and DsRed2-0X5034 is unlikely, as they are contained within the
cells of the insect, which essentially eliminates these exposure routes. The exposure considerations
discussed above (i.e., mode of pesticide application, male mosquito behavior once released) in the
primary dermal irritation/ acute dermal toxicity, and acute oral toxicity waiver rationales are equally
relevant to evaliate the likelihood of ocular exposure. Based on these assessments, ocular exposure to
male OX 5034 mosquitoes is unlikely to occur. Even if an OX5034 adult male were to accidentally come
in contact with the eye, the physical effect from that accidental contact is expected to be minimal and to
not be different from those effects resulting from accidental ocular exposure to a wild-type mosquito.

iv. Pulmonary exposure

The exposure considerations discussed above are equally relevant to evaluate the likelihood of pulmonary
exposure. Pulmonary exposure to adut OX 35034 males is not expected to occur as they are too large to be
mhaled, especially into deeper lung tissues (Gorguner and Akgun 2010). Accidental oral exposure for
objects this size is therefore more likely to result in swallowing, i.¢., ingestion, rather than inhalation. The
circumstances that would allow for the formation and accumulation of airborne particles are not expected
to be present at the release sites. Male adult OX5034 will be released into the environment where they
seek out females for mating. Ae. aegypti oviposition sites will most likely be present outdoors, in areas
that are exposed to rain where water can collect. Microbial activity in the environment will facilitate
biodegradation of the transgenic proteins, which will facilitate removal of these biotic components in the
release area over time. Further, male adult mosquitoes are the only adult life stage that carry the OX5034
traits, but only adult females seek out the presence of humans as they rely on the blood meal for egg
production. Access to indoor spaces is expected to be minimal. However, should access be available, the
presence of females will not lead to exposure to the tTAV-0X5034 and DsRed2-0X5034 proteins, as
these do not carry the OX5034 traits. While it is possible that males may follow females indoors, it is
expected to be a rare event that those males would then remain indoors and contribute to dust formation in
a significant way. The presence of tTAV-0X5034 and DsRed2-0X5034 proteins in the insect’s cells is
expected to further reduce the likelihood of pulmonary exposure to overall negligible levels. Information
on the charge density of and protein size of tTAV-0OX5034 and DsRed2-0X5034 was also considered as
part of the exposure evaluation. Neither protein is expected to be able to freely diffuse over cell
membranes, which may reduce uptake of these proteins into the lungs. The extent to which these
physicochemical characteristics would prevent potential adverse effects is, however, unknown (MRID
50889421).

C. Environmental Fate of the Transgene and OX5034 Background Genetics

1. Introgression data

0X5034 is described as a species-specific female larvicide, or “male-selecting” larvicide, that results in
all-male progeny in the absence of tetracyclines in the larval diet due to a female-specific self-limiting
gene. With continued field releases of OX5034 homozygous males, the local de. aegypri population is
expected to progressively decline due to the reduced number of females emerging in the area.
Specifically, when OX5034 homozygous males are released into the environment and mate with local 4e.
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aegypt! females, thewr offspring inbent 5 single copy of the self-lumtng gene. The sell-hmitimg gone kills
muly fomale offspring winle hesmuzvgons males survive 1o pass on the OX3034 self-luting geoe further.
As the self-limiting gene 15 inheriied in a Mendelian fashion, half of the offspring resulting from g mating
hetween an QX503 bemizyzons wsle and a local female would not mberit the wlf-liniting gene bt
wonhd stll inhent OX5034 background siram genenics. This resulis m both mele aud fomsle mosquiroes
in the looal de. cegupd population with some degree of QX5034 background strain genetics.

Oiter subnitied scleniific rattonale, experimental data, modeling shudies, and 3 meta-anabysis o address
miregression and persistenve of the OX3034 wansgens and OX5034 backgrovad stran genetics m the
local de gegypd populanion. A summary of these dats 5 provided 1 Table & and within the nisk
assemsment below, A Bl review of the rationale is contaiped within the DERs except for the study
“Infrogression of OX5034 Background Geneties.” This stody was wstead reviewed in the format of an
intzragency collaborative mewno between the EPA and the ODC. Some of the references cited in thus
assessment were mcluded o rationale provided by the applicant wathan the MREIDs cited. Other references
were incinded from the open literature that pertamed o specific topics discussed below,

Fable 6. Sratus of datn submiited 1o address environmengal fate of the QNS84 ravsgene ad OX3034 backgrownd
genetics,

| opris
Lauhdeline
Ko

Three sxperoaenial caged populations (p=200 individhals
per generalinn per cage) were used to deternuine how Iong

Siudy Tanie Pesults Suonney aned 4 boscifiontion

{ENB054 mnle-selecting the OS034 wait would remain 1z wild mosguito
want dechine in  vaged A popubehion once (NN3034 relenses censed. The supevivent SO589416
@@pnlafémz of wilid-tvpe " fonnd that the mait veduced by approx. $4% gach generation | 7
Anddes aegrpl and disappeared from the populations after & wmaximu of 9

FenEraticns.

Chesifivatiow: Arceptabie.

A Htersture review of vectorial capacity aud vector

competenes was combined with & wete-analysis of vector
Introgression of OX3034 A eompetence data from Floruda, data on the QX30634 SA9TIAGT
Backgronnd Genetics mosguite {fecundity, longevity}, and date from g study on o

the (B3 134 mospito,

Classifiontion: Avceptable.

The study aimed womwdel the degres aud persisionce of
L34 backyrowsd genetic inlrogression o wild feld

mesgutte populetions theough use of 8 determanistin
discrete-generation population geneiic model However,

several deficiencies and necessary chwificetions make ¥ so
the wodels hove hmited value. {aven th the spplbicans has
characterized the mosgutie traits of inferest (L,
characterized the potential hazard), information that could
potentially be gleaned from modeling the degres of
ytrogression {1.e., the euposure} 15 net oritical o the risk
assessmeent,
Chyssifiontion: Supplemental,

Modelling the
Intrograssion of OXR034 PiA
Backgrowmnd Geuglics

1ak
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2. Persistence of £XXE034 transgene in the envivenment post-release

The apphicant provided an expeomentsd study and s corresponding modeling study to deternune the rate
at which the mirpduced ONX5034 self-bimiting wail will decline w1 a caged, wild-tvpe Ao, gepvd
popudation. The studies are need 1o indioate how rapidly the OX5034 seli-lmiting trait will dechine and
become extinet after the proposed releases of OX5034 male mosquatoes have ceased

Three replicate caged populations were maintatned 1 the absence of the distary antwlote m the laboratory.
Each population was denved from 100 OX5034-henuzvgous mades crossed 10 200 LWT fommlss in g 153 ¢
15 % 15 o cage. These popnlations represent the peneration after 4 final relewse of UX3034 males
under the scenario where all msle e gegypd mosqniioes remaining s the population we offsprng of the
refeased (X 5034 males. They also represent the scenarin with the highest possible freguency of the
OX5054 transgene tn the epvironment because wn tis scenarto there are no wild-type males remaining
ared all of the wades w the population contain a copy of the ransgene. During the caged popuistion
stiwhies, gach subsequent generation was composed of 200 oifspring resnlting fronn the previcus
seneration. The Fequency of the OX3034 mansgene in the population was caleulated via proportion of
fuorescent pupwe for each subsequent generation and graphed over tune 1o show the decling of the
£YX5034 tmnsgene in the three populations. The applicant also provided a simple stochastic modelto
predict the decline of the OX35034 transgene whers the model assumed complete penetrance of the
L5034 it and oo comupetitive disadvantage for OX3034 males

.30

Mals-selecling trall frequency
0.0 0.20

000

1t 2 3 4 5 € 7 8 © 10
Genergtion number

Figure X Bosplots showing the results from 300 erations of a stochastic moded simnlating the extinction of g male-
selecting genehis trnt uader restrictive conhinions. Horzontal bold loes represent gensmtivssd medians, vpper aad
lower box lines reprasent fivet and thind guartiles, respeatively; outer hovizontal lines represant 1 5% the infermguartile
range; and open circles represent date potgs over 1.9z above or below the fingt and thied grartiles. Gvedlaid onto the
bars plots are Hoes (red, Dlue and green) showing male-selecting mait Beguency changes from thres replicates of
saged experiments. Densration 1 represents a post-field relesse population with & trait frequensy of 0.25. Tiraph and
figrre legend reproduced from MEID 30889418
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The caged population study found the mean number of generations until disappearance of the 0OX5034
self-limiting trait across three caged populations to be 7.3 (1.2 SE) with 9 being the maximum number
of generations before trait disappearance (Figure 3). The model and the starting assumptions predicated
that the sel{-limiting trait frequency would halve in cach gencration due to the 50% fitness cost of the
OX5034 trait (1.e., 100% female lethality). This prediction was observed in the experimental cages, with
the average frequency of the self-limiting trait decreasing in each generation by 54% (7.0 SE).

Therefore, upon cessation of the proposed OX5034 male releases, it is expected that the OX5034
transgene would disappear from the environment within 10 generations. Furthermore, it is likely that in
the field when OX 5034 males compete against local 4e. gegypri males, the trait will decline faster than
found in the modeling and caged population studies, as additional fitness costs associated with the

OX 5034 trait have been recorded, like reduced egg cluich size in matings with OX5034 homozygous
males (Unit ILA.6.c.; MRID 50889417).

3. Introgression of OX5034 background strain genetics

Because the transgene is inherited in a Mendehian fashion and 0OX5034 hemizygous males are anticipated
to survive and contribute to offspring in subsequent generations, it is expected that although the transgene
will eventually disappear from the Ae. aegypsi populations at the proposed release sites, introgression of
0X5034 background strain genetics (i.e., genes other than the transgene) will occur. This is because only
half of the offspring (both male and female) of an OX5034 hemizygous male would inherit the transgene,
resulting in the other half being “wild-type” but still inheriting other OX5034 background strain genetics.
Introgression would result in both male and female mosquitoes in the local 4e. aegypri population
acquiring some degree of OX5034 background strain genetics, which could increase in frequency after
releases have ceased. This is because the releases (if successtul in suppressing the population) could resuit
in a population bottleneck once they have ceased, where the founding population is composed of the
surviving individuals who likely contain OX5034 background strain genetics due to inundation by
0OX5034 mosquitoes during releases. This creates the potential to result in an increased frequency of
00X 5034 background strain genetics in the recovered population, thereby altering the population
genetics/traits of the local mosquito population.

A recent paper examining Oxitec’s 1% generation product, OX513A, found evidence of introgression of

{Evans et al. 2019). These findings are relevant to the evaluation of OX 35034 because the degree of
introgression is likely to be significantly higher than that of the OX513A strain due to differences in
larval survival {approx. 5% in OX513A versus 50% in OX5034).

Therefore, given that introgression of OX5034 strain background genetics is expected to oceur during
releases, it is pertinent to examine potential associated risks for humans and the environment. To do
this, EPA evaluated OX5034 mosquitoes for key traits that could increase the ability of mosquitoes to
transmit disease, result in larger populations numbers, or result in more robust mosquitoes. As
discussed below, based on a combination of laboratory data, meta-analyses, and the large impact of
envirenmental factors on the traits evaluated, EPA {inds 1t is unlikely that the local mosquito population
would pose any increased risk to humans or the environment due to releases of OX5034 mosquitoes
and introgression of OX5034 background strain genetics under the applied for EUP.
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a. Vectorial capacity

As Ae. aegyptiis a known discase vector, traits associated with vectorial capacity in OX 5034 mosqguitoes
were evaluated. Vector competence, or the intrinsic ability of a vector to acquire, maintain, and transmit
an infection, was reviewed for de. aegypfi mosquitoes across different geographies and different viruses.
Other traits like insecticide resistance, fecundity and longevity were also reviewed, as insecticide
resistance could result in more difficult to control and therefore larger mosquito populations, increased
fecundity could result in larger mosguito populations, and increased longevity could increase the
likelihood of a mosquito fransmitting an infection.

For insecticide resistance, laboratory studies found that OX5034 was susceptible to the pesticide active
ingredients temephos (larvicide), permethrin, deltamethrin, and malathion (three adulticides), and the
strain does not carry pyrethroid resistance-associated &dr mutations (MRIDs 50698718, 50889418, and
509734-05; discussed in Unit IL.A.6.a). While the strain showed some resistance to propoxur, this
chenrical is not approved for uses on mosquitoes in the US and thus any resistance associated with
propoxur will not affect current mosquito control practices. For the other traits associated with vectorial
capacity, EPA, along with CDC, conducted a review of laboratory data, a meta-analysis, and rationale
submitted by the applicant to compare the vectorial capacity of OX5034 mosguitoes to that of wild
mosquitoes. A full review of this topic can be found in the accompanying memo (USEPA 2020). The
conclusions of this review are below:

Vectorial capacity is influenced by a number of traits impacted by gene-environment interactions and is
confounded by both intrinsic and extrinsic variables. Several traits relevant to vectorial capacity were
evaluated for the OX5034 mosquito given the expectation of introgression of OX5034 strain genetics
into the local mosquito population.

In terms of introgression of alleles related to vector competence, different populations of the same
meosquito species can differ in the Hkelihood of becoming infected, which can also differ by virus type
and even by strains of the same virus. However, vector competence is only partially influenced by
genetics, with other known influences coming from abiotic factors, nutrition, microbiota, and larval
stage competition. Given the potentially limited role of mosquito genetics in vector competence as well
as the known temiporal and spatial variation of vector competence among mosquito populations, it is
1ot expected that introgression of OX5034 strain genetics would increase the vector competence of the
local mosguito populations.

Fecundity and longevity of the OX 5034 mosquito were also evaluated (Unit ILA.6.c and Unit ILA.6.d).
Data provided by the applicant combined with literature searches indicate that fecundity and longevity
of OX5034 mosquitoes is within the range expected for 4e. aegypii and therefore introgression of
OX5034 strain genetics is unlikely to result in the increased {ecundity or longevity of local mosquitoes.

In conclusion, given the data on insecticide resistance, longevity, and fecundity, the large impact of the
environment on all traits evaluated, and the complexity of vector competence, EPA believes it is
unlikely that the introgression of OX5034 strain genetics would result in increased vectorial capacity of
the local mosquito populations under the applhied for EUP.
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b. Hybrid vigor

EPA also investigated the concepts of “hybrid vigor,” in which the crossbreeding of two different genetic
backgrounds results in offspring that are superior to both parents, and the opposite scenario “outbreeding
depression,” in which the offspring are less viable. These topics are also reviewed in the accompanying
memo (USEPA 2020}, but will be restated below.,

The Evans et al., 2019 study postulated that releases of the OX513A mosquito in Brazil and the resulting
introgression of strain background genetics into the local population “very likely [resulted] in a more
robust population than the pre-release population due to hybrid vigor.” However, an Addendum of an
Editorial Expression of Concern was published with the study on March 24, 2020 stating that regarding
hybrid vigor, “there are no data in the Article to support this point; firthermore, data included in the
Article indicate that a number of hybrid individuals rapidly declined post-release.” The concept of hybrid
vigor, or heterosis, is that deleterious alleles persist in populations and that inbreeding due to drift or
population isolation results in reduced vigor from increasing homozygosity of deleterious alleles
(Charlesworth and Willis 2009). This vigor is restored by crossing individuals of divergent genotypes,
resulting in hybrid vigor through rescue from recessive, deleterious alleles. Hybrid vigor is most
commonly reported in crossings within domesticated crops and livestock, which is expected given the
intense artificial selection and inbreeding depression that takes place in the development of the parental
lines. An instance of hybrid vigor was reported in a malaria vectoring mosquito, 4nopheles coluzzii, but
this was found after crossing two inbred laboratory strains, which again, is unsurprising (Ekechulkwu et
al. 2015). Although there may be some inbreeding depression in the OX5034 colony due to common lab
rearing practices, there is no indication that the local mosguito populations under the proposed EUP are
suffering from inbreeding depression. Therefore, there is no indication that matings between OX5034
mosquitoes and local mosquitoes would result in hybrid vigor.

The opposite of inbreeding depression and heterosis would be outbreeding depression. In this instance,
genetic differences accrued in widely divergent populations or species that were previously isolated from
gach other result in genetic incompatibilities in their hybrid offspring that cause reduced hybrid fitness
{e.z., Dobzhansky-Muller incompatibilities; Orr 1995). H outbreeding depression were to occur, residual
population control from male hybrid offspring containing the self-limiting tTAV gene may be reduced
due to decreased hybrid fitness, but some level of population control 1s still expected from initial OX5034
releases. However, there is no indication that the OX5034 strain is so divergent from local populations as
to expect any significant degree of postzygotic isolation (e.g., genetic incompatibilities resulting in
inviable hybrids), and therefore, there is no indication that matings between OX 5034 mosquitoes and
local mosquitoes would result in outbreeding depression.

4, Potential for resistance during field releases

Resistance can evolve in response to the OX5034 releases through two primary mechanisms:
{1) mosquitoes with the OX5034 trait can evolve genetic resistance resulting in increased larval survival
rates and (2) local mosquitoes can evolve behavioral resistance to avoid mating with OX5034 males.

0OX5034 Ae. aegypti contains a dominant lethal trait, which results from the overproduction of the tTAV-
0X5034 protein in female mosquitoes, mediated by a positive feedback loop circuit. The overproduction
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of the protein is thought to interfere with gene expression within the insect cell through a mechanism
called transcriptional squelching (Gong et al. 2005). The level of tTA expression in Tet-OFF systems was
shown to be positively correlated with the level of penetrance of the lethal trait in other insects (Fu et al.
2007). Thus, mutations affecting the efficiency of the OX5034 Ae. aegypti gene circuit may result in
resistance. Further, genetic backgrounds have been hypothesized to play a role in resistance development
through epigenetic effects (Knudsen et al. 2020). However, penetrance of the OX5034 sex-specific lethal
trait has been shown to be 100% in OX5034 homo-and hemizygous individuals of the LWT background
as well as in hemizygous individnals collected from the ficld resulting from matings with a genetically
distinet background and thus the risk from epigenetic effects is expected to be negligible (Unit 11.B.3.a).

Spontaneous mutations naturally occur in organisms and contribute to genetic diversity. Resistance to the
lethal trait may develop through mutations of genetic elements that are associated with the function of the
positive feedback loop gene circuit, thereby lowering the production of 74 V-0X3034 below a tolerance
threshold. The genetic circuit engineered into OX5034 4e. gegypii exploits the endogenous transcriptional
machinery of the mosquito, such as the pre-mRNA splicing machinery. Mutations in these conserved
parts of the cellular machinery are expected to carry a significant fitness cost for the individual as other
essential functions of the cell would likely also be affected. Additionally, only a subset of mutations in the
genetic cassette would have the potential to affect the function of the positive feedback loop in a
meaningful way. For example, some mutations may be silent in that they do not change the amino acid
sequence of tTAV-0OX5034 and others may occur in parts of the 174 V-0OX5034 gene that are unlikely to
negatively affect the positive teedback loop, e.g., within linker sequences or the N-terminus of UBQ. The
applicant reports that genetic resistance to the OX5034 trait has not been observed in 27 generation
equivalence of OX5034 nor as part of the ficld releases involving over 12 million OX5034 homozygous
males and during the EUP, Oxitec will continually monitor for the occurrence of genetic resistance.
Considering these lines of evidence together, the likelihood for genetic resistance to occur during the field
releases is negligible.

Although uncommon, resistance through assortative mating where local females preferentially mate with
local males rather than modified males has been reported in other modified insect release programs {e.g.,
sterile insect technique programs). In these instances, this has typically been linked to a loss of quality in
the mass-reared insects where local females do not mate with “lesser-quality” males, thereby resulting in
a reduction of product efficacy. Loss of guality in mass-reared insects can be reversed by increasing
genetic diversity through outbreeding. However, there is an instance of resistance via assortative mating
in melon flies that was not linked to a dechine in mass-reared insect quality (Hibino and Twahashi 1991,
Koyama et al. 2004). Existing variation in female preference coupled with strong selective pressure for
females who preferentially mated with local males led to a change in mating preference in this population.
In this instance, increasing the number of modified male melon flies overcame the resistance in local
females (Koyama et al. 2004). There is evidence of rapid evolution in mating preference of Ae. aegypii
mosquitoes (Bargielowski et al. 2013, Bargielowski and Lounibos 2014), indicating that the potential for
resistance through changes in mating preference is possible for this species. However, il behavioral
resistance were to evolve, the impact on humans or non-target organisms would be negligible as this
would not result in any new risk or exposure scenario and would instead result in decreased efficacy of
the OX5034 releases through lack of successful matings. A reduction in efficacy would not pose an
increased risk from nuisance biting or disease vectoring from the local de. aegypéi population because
similar mosquito abatement activity will occur in both treated and untreated arcas during the proposed
EUP.
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In a 14-day semi static-rencwal acute toxicity study,
guppies (Poecilia reticulata) were fod OX5034
Fish Acute Oral Toxicity, 2501075 mosquitoes daily at a rate of 700 g mosquito larvac/kg- | 50698708
Freshwater T diet. No mortality or adverse effects were observed. No | 50889408
hazard to freshwater fish is expected.
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A literature review was provided as an analysis of the

Endangered Species potential impact of OX5034 dedes aegypti on

7. . » . 5088¢
Asgessment A threatened and endangered species or critical habitat. 0889414
Classification: Acceptable.
2. Ecological exposure and risk characterization
The pesticidal effect of OX5034 is species-specific as it only effects the reproductive success of Ae.

aegypti through mating between OX5034 de. aegypti males and local de. aegypti females that are already
present in the release area. With continued ficld releases of OX5034 homozygous males, the number of
Ae. aegypti in the treatment area is thought to progressively decline due to the reduced number of females
emerging at each consecutive generation. There is also the potential for OX5034 mosquitocs to be
released on an area-wide scale, which counld result in population level decline of Ae. aegypsi. Possible
adverse effects to non-target organisms from OX3034 releases are two-pronged: dirvect effects from oral
consumption of OX5034 mosquitoes and indirect effects on ecosystem processes from reduced 4e.
aegypti populations. Both possibilities are evaluated in this risk assessment. To understand the potential
exposure to non-target organisms by OX5034 mosquitoes as well as to understand potential indirect
impacts of their continued release, a review of basic 4e. aegypti biology is presented.

Originating in sub-Saharan Africa, de. aegypii is believed to have been introduced to the Americas in the
17% century (Nelson 1986, Powell and Tabachnick 2013). While Ae. aegypri historically bred in tree holes
and other phytotelmata, it is now well adapted to humans, flourishes in urban areas, and can breed in a
number of artificial confainers. After mating, female de. wegypti produce a batch of 100 to 200 cggs and
lay their eggs at several different breeding containers. Larval and pupal development occur in these
breeding containers, completing the life cycle with adult emergence.

Typical larval habitats include stagnant water with organic matter and can range from tree holes and rock
pools to bottle caps and tires (Barrera et al. 2008, Delatte et al. 2008, Jansen and Becbe 2010). dedes
aegypti usually uses man-made containers such as gutiers, water containers, cans, and tires as breeding
sites. The use of these containers as a larval habitat reduces the risk of exposure to non-target organisms,
thereby reducing the risk of any direct adverse effect on non-targets. In terms of indirect effects, such as
ecosystem impacts from a reduction of the local de. aegypii population as a result of OX5034 releases,
Ae. aegypti is a non-native species in the US and has therefore not likely co-evolved with other organisms
in the ecosystem and does not represent a keystone species on which other organisms rely for biological
processes (Juliano and Lounibos 2005).

Although the likelihood of 4e. aegypii playing a major ecological role is low, mosquitoes can play a
mumber of roles in the environment such as pollinator, detritivore, or food source. These roles can also be
relatively diverse as the mosquito life cycle spans both aquatic and terrestrial habitats. Larvae live in
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water and they can act as food for other aguatic organisms. Mosquito larvae themselves eat microscopic
matter like decaying leaves and other organic detritus. As adults, mosquitoes make up part of the diet of
some insect-eating animals, such as birds, bats, adult dragonflies, or spiders. However, most mosquito
predator species are generalist feeders that do not depend on the presence of any single prey species for
survival. In addition to acting as a food source to other organisms, mosquitoes may also act as pollinators
due to their consumption of nectar. Each of these points is discussed in further detail in the below
subsections.

a. Terrestrial animals and plants

1. Birds and mammals

Birds and wild mammals (e.g., bats) will be exposed to OX5034 mosquitoes primarily through ingestion
of OX 5034 adults and larvae as prey. Based upon bioinformatic analyses, neither DsRed2-0OX35034 or
tTAV-0OX5034 are known to share significant sequence homology with known toxins (MRID 308894203,
Both of these proteins are predicted to be susceptible to several proteases found in the human gastric
system (i.e., pepsin, trypsin, chymotrypsin) based upon bioinformatics analysis (MRID 50889420), and
thus proteins are expected to be broken down following ingestion. Based upon bioinformatics analyses,
both DsRed2-0OX 5034 and tTAV-0X5034 are also predicted to be susceptible to an environmental
protease (i.e., proteinase K) and are thus expected to degrade under field conditions. While several
variants of DsRed can sometimes exhibit toxic effects when expressed within living cells, oral
consumption and subsequent digestion would result in protein degradation thereby making uptake of the
intact protein into cells following ingestion unlikely. Because biting females will not be released, wild
birds and mammals will not serve as bloodmeals for mosquitoes carrying tTAV-0X5034 and DsRed2-
0X5034 proteins, thus excluding this as an exposure pathway to these proteins. Therefore, direct adverse
effects are not expected in birds or wild mammals as a result of release of 0OX5034 male mosquitoes.

Because OX5034 mosquitoes have the potential to be used on an area-wide scale to suppress local 4e.
aegvpti mosquito populations, it is possible that birds or wild mammals could be indirectly affected
through the reduction of de. aegypti as a food source. Several types of birds inchuding most varieties of
swallows, warblers and other songbirds consume mosquitoes among other flying insects. However, the
mosquito is likely to form only a small part of the bird diet. Barn swallows for instance, feed at lower
heights where mosquitoes are more likely to fly, but due to the small size of the mosquito, they instead
tend to prefer larger insects such as flies or dragonflies. Perhaps the most frequently anecdotally cited bird
as a consumer of mosquitoes is the Purple Martin (Progne subis), the largest species of martin in North
America. However, reports of foraging studies have not found that mosquitoes constitute a significant
portion of the Parple Martin diet (Wiggens 2005), and instead mosquitoes typically do not make up more
than 3% of the Purple Martin diet (American Mosquito Control Association). In contrast, one study
examining Western Bluebirds, Siafia mexicana, in California vineyards found that the most common
arthropod prey consumed was Aedes (species not identified) among 66 species identified in fecal samples
(Jedlicka et al. 2017). Although samples from adults and nestlings indicated that 51% and 49%,
respectively, contained 4edes as prey, the study did not provide an indication as to the proportion of the
diet that dedes comprised. Conversely, stomach content analyses in another study did not note 4edes as a
food item for Western Bluebirds. Jedlicka et al. (2017) hypothesizes that a difference in habitat (vineyard

N
[ 4]

ED_006741_00009345-00045



vs. woodland) and the generalist nature of bluebird foraging is a likely explanation for the high frequency
of detection of Aedes in the Western Bluebird diet found in vineyards compared to other studies.

Insectivorous bats are often anecdotally regarded to be a significant predator of mosquitoes and are
thought to eat large quantities of mosquitoes. However, in areas where larger, more nutritious insect prey
are available, bats do not consume large numbers of mosquitoes as they do not constitute significant
calories or mutrients relative to the task of predating upon them (Gonsalves et al. 2013, Wetzler and
Boyles 2018). For example, a study examining the fecal pellets for the little brown bat, Mvotis lucifugus,
found that their natural diet was composed of only 1.8% mosquitoes (Whitaker and Lawhead 1992) and
the diet of the big brown bat, Epfesicus fuscus, was dominated by beetles, moths, and mayfhies (Clare et
al. 2014). Under certain conditions, such as colder nights where larger insects were less available or when
female bats are lactating, Diptera, including mosquitoes and crane flies, may constitute a larger portion of
the diet of the southeastern brown bat, Myofis austroriparius, in Florida (Zinn and Humphrey 19581).
However, the diversity of the diet of this insectivorous bat increased considerably during warmer
temperatures (i.e., most spring and summer nights like when OX5034 releases are proposed). In
conclusion, as potential bird or wild mammal predators of de. aegypti mosquitoes are more generalist in
nature and do not rely on de. aegypii as their primary food source, indirect adverse effects suchasa
reduction in an important food source are not expected as a result of release of 3X5034 male mosquitoes.

ii. Nontareet insects

Although the adult stage of Ae. aegypti is terrestrial, the larval stage is aquatic and preferred oviposition
sites are usnally man-made containers such as gutters, water containers, cans, and tires. As such, there is
reduced risk of exposure to terrestrial non-target insects and reduced likelihood that terrestrial non-target
insects specialize in 4e. gegypti larvae as a food source. Dragonflies are known to eat adult mosguitoes;
however, they also consume butterflies, moths and smaller dragonflies which serve as significant energy
sources. Due to this large variety of food sources and the relative lack of energy provided by mosquito
consumption, mosquitoes are likely not an essential part of their diet (Pfitzner et al. 2015).

EPA also finds the hikelihood of adverse effects to insect species should they consume OX5034
mosquitoes to be low. A submitted feeding study with an aguatic invertebrate found that the test
organisms were not adversely affected when fed OX5034 larvae and exhibited no signs of toxicity or
mortality (see Unit IL.D.2.b for additional detail}. The lack of adverse effects observed in an aguatic
invertebrate from ingesting OX5034 mosquitoes is also expected for terrestrial invertebrates.

The risk of transfer of the OX5034 cassette to other insect species through mating with OX5034
mosquitoes is highly unlikely as mating in mosquitoes is species specific and depends on time of day,
swarming behavior, and wing beat/tone matching. de. aegypti and Ae. albopictus share similar mating
habitats and behaviors and therefore the risk of transfer of the OX5034 cassette is likely highest between
these two species. However, forced laboratory matings between de. aegypti and Ae. albopictus yielded
eggs that were not viable (Lee et al. 2009, Nazni et al. 2009). Therefore, the likelihood of transfer of the
OX5034 cassetie to other insect species is negligible.
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The risk of transfer of OX5034 background strain genetics to local Ae. gegypti mosquito populations was
also considered. The potential for introgression along with an evaluation of key mosquito iraits are
discussed in Unit 11.C.3 and was determined to be of negligible risk.

iii. Nontareet plants

Although female de. aegypti mosquitoes take blood meals from humans, mosquitoes of both sexes
require plant juices as an energy source. Therefore, OX5034 male mosquitoes are likely to encounter
plants during the experimental releases. Floral nectaries are the best-known sources of sugars and amino
acids for insect pollinators, but mosqguitoes are also known to obtain sugars from extra-floral nectaries,
damaged fruits, damaged and intact vegetative tissues, and honeydew (Clements 2000). de. aegypti are
adapted to domestic and wrban environments that tend to be low in sugar sources but allow easy and
unlimited access to blood meals, such as those around human habitations. It is likely that 4e. gegypti
males are reliant on sugar sources from potted plants or plant species that are found around houses
{(Martinez-Tharra et al. 1997). However, given that DsRed2-OX5034 and tTAV-0X5034 are expressed in
OX5034 tissues within the confines of its chitinaceous exoskeleton, both proteins are unavailable to
plants, therefore resulting in negligible exposure.

There is limited information on the pollination of plant species by mosqguitoes in general, though related
Aedes spp. are known pollinators of the orchid species Platanthera obtusata, which is widely distributed
across the Pacific Northwest, around the Great Lakes, and in parts of New England (Thien 1969, Gorham
1976). There are no reports that de. aegypti is a pollinator for any plant species but a laboratory study
demonstrated that de. aegypri is attracted to the scent of the orchid P. abtusara and thus is physiologically
capable of being a pollinator for this plant (Lahondere et al. 2020). It is important to note that P. obfusata
is found outside of the experimental permit area, although even if it were found in the experimental
permit area, it is highly unlikely that . obfusata would be reliant on Ae. gegypsi as a primary pollinator
because, as a non-native species, the mosquito has not been present in the ecosystem for sufficient time to
develop an essential ecosystem function. Dedicated pollinator species for particular flowers require close
evolution for many thousands of years (Patiny 2012). Therefore, due to the lack of dedicated pollinator
activity by de. aegypti, any reduction in the local mosquito population as a result of OX5034 male
releases is not expected to adversely impact plant populations.

b. Aquatic animals and plants

Aquatic organisms which feed on mosquitoes are regarded as generalized predators. Aquatic invertebrate
predators, such as larvae from the Coleoptera (beetles), Diptera (flies), Hemiptera (true bugs), and
Odonata (dragonflies) orders are known to prey on mosquito larvae (Shaalan and Canyon 2009).
Mosquitoes themselves are known to prey on the larvae of other species. For example, Tovordynchites
splendens, also known as the elephant mosquito or mosquito eater, consume larvae of other mosquitoes as
well as other aquatic organisms {Amalraj et al. 2005). In addition to arthropods, nematodes can also prey
upon mosquito larvae. The nematodes from the family Mermithidae are generalist parasitoids infecting a
muamber of mosquito species (Paily and Balaraman 2000, Achinelly and Micieli 2013). Because de.
aegypti usually use man-made containers such as gutters, waler containers, cans, and tires as breeding
sites, there appears to be no specific predator that preys upon this species but rather predators that are
generally opportunistic and feed on larvae if and when they encounter them. Therefore, it is unlikely that
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a reduction in de. aegypti would adversely impact nontarget organisms. To evaluate the direct impact on
nontarget aquatic invertebrate organisms through oral consumption of 0X 5034, a submitied study tested
the potential toxicity of OX5034 mosquitoes to an aquatic invertebrate. A feeding study examined the
American signal crayfish (MRID 50698707) and found no apparent or measurable toxicity to the test
organisms when fed OX5034 mosquitoes over a 96-hour test period. Given the Hmited timeframe and
acreage associated with the experimental permit, and the lack of toxicity observed through a feeding
study, EPA finds the direct risk from OX5034 mosquitoes to aquatic invertebrates to be low. However, as
many of the aguatic insects that may consume OX5034 larvae are larvae themselves and thus more
susceptible to even low-level toxins, additional certainty regarding the lack of toxicity to aguatic insect
larvae could be gained through a larval feeding study prior to a Section 3 registration.

In terms of aquatic vertebrates, a submitted study tested the potential toxicity of OX5034 mosquitoes fed
to guppies (MRID 30849408) to evaluate the direct impact of oral consumption of OX5034 mosquitoes
on nontarget aquatic vertebrate organisms. The stady found no apparent or measurable toxicity over the
14-day test period, indicating that the likelihood for adverse effects to nontarget aquatic vertebrates from
consumption of OX5034 mosquitoes is low. While it is not known that any aquatic vertebrates have
evolved to specifically target Ae. aegypti mosquitoes as a major portion of their diet, in some instances,
mosquitoes can constitute a significant source of prey. For example, amphibians have the capacity to
consume large quantities of mosguito larvae, and a study showed that in the laboratory, 200-400 3rd instar
larvae of Culex species per day could be consumed by salamander species. However, these numbers were
seen when the Culex mosquitoes were the only food source and there was no prey choice (DuRant and
Hopkins 2008). In the field, the Tiger Salamander, dmbysioma tigrinum, was found to readily consume
mosquite (Culicidae, species not identified) larvae based on 26% of analyzed stomach samples containing
remnants of larvae (Brodman and Dorton 2006). However, it is important to note that 4e. aegypii is but
one of hundreds of species of mosquitoes and it does not appear that the salamanders noted above feed
significantly on 4e. aegypti larvae. Mosquito larvae are also eaten by a number of fish including guppies,
bass, catfish, bluegills and even goldfish. The most effective species for eating mosquito larvae are the
mosquito fish, Gambusia affinis and Gambusia holbrooki, which are specialized predators. Due to the
preferred larval habitat of de. aegypti mosquitoes, exposure to vertebrate predators is expected to be
Iimited, therefore also Hmiting the role de. aegypti play in the predator diet.

Due to a lack of toxicity observed in feeding studies and the generalist nature of most predators that may
feed on de. aegypti, divect and indirect adverse effects are not expected in aguatic nontarget organisms as
a result of release of OX5034 male mosquitoes.

¢. Microbes

EPA also considered the possibility of the spread of antibiotic resistant bacteria in the environment from
the release of OX5034 mosguitoes. The tTAV-0X5034 expression is made female-specific by inclusion
of a splicing module that has been linked to the tetracycline-oft (Tet-OFF) system. The Tet-OFF system
activates tTAV-0OX5034 expression in females in the absence of a tetracycline analogne resulting ina
lethal phenotype, therefore all OX5034 females die in the absence of tetracycline analogues. However, if
a suitable tetracycline analogue is added to the larval rearing medinm in sufficient quantities, tTAV-
OX5034 expression is repressed, allowing for normal development of females to adulthood.
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Although tetracycline analogues will be used in the OX5034 colony in the UK, no tetracyclines will be
used in US facilities used to produce OX5034 male adults for release or in the release devices for field
deployment of OX5034 mosquito eggs (e.g., rearing boxes). Because antibiotics are not used in the
facilities or release devices for OX5034 males, there is no selective pressure for antibiotic resistant
bacteria o evolve, thereby greatly reducing the hikelihood that OX5034 males {or release would carry
antibiotic resistant bacteria,

However, as the OX35034 colony in the UK will be reared using antibiotics, the presence of antibiotic
resistant bacteria in the mosqguito microbiome of the OX5034 colony is possible. Therefore, an additional
consideration is whether vertical transmission of antibiotic resistant bacteria could oceur and OX5034
male mosquitoes for release could acquire antibiotic resistant bacteria through this route. While OX5034
eggs shipped to the US could have some bacteria on their surface, any bacteria that survived shipping
would likely comprise only a negligible portion of the OX5034 microbiome. This is largely due to the
fact that, although some organisms directly acquire their gut microbiota from their parents, mosguitoes
predominantly acquire their gut microbiota from their environment as larvae (Strand 2018). Furthermore,
as the environment during development of OX5034 males in the US for release does not contain
antibiotics, there is a lack of selective pressure to maintain any antibiotic resistant bacteria that may have
been on the eggs shipped from the OX5034 colony.

Therefore, due to the lack of antibiotics used in release devices or in US facilities used to produce
0X5034 male mosquitoes for release, coupled with the fact that mosquitoes generally acquire their
microbiome from their environment, the risk that released OX5034 male mosquitoes wounld spread
antibiotic resistant bacteria in the environment is very low.

3. Impacts on endangered species

EPA has determined that no adverse effects are anticipated for nontarget organisms as a result of the
experimental permit to release OX5034 mosquitoes. Therefore, since adverse effects are not anticipated to
nontarget organisms, a "No Effect” determination is also made for direct and indirect effects to federally
listed endangered and threatened species, and for their designated critical habitats.

HI. HUMAN HEALTH & ENVIRONMENTAL RISK CONCLUSIONS

EPA has reviewed the OX5034 manufacturing process detailing the production and quality assurance
processes used in the development and manufacture of OX5034 mosquitoes, associated standard
operating procedures, and other pertinent information characterizing OX5034 mosquitoes on a genetic
and phenotypic level, EPA determined this information to be adequate to support a finding of no
unreasonable adverse effects to man and the environment during the propoesed EUP.

EPA has determined that there will be no unreasonable adverse effects for humans as a result of the
experimental permit to release 4de. aegypii OX5034 male mosquitoes provided such releases do not take
place within 500 m of commercial citrus growing areas or wastewater treatment sites due to
considerations regarding the impact of environmental sources of tetracyclines on female 0X5034
mosquito survival. A compilation of release recapture studies around the world found that most
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Ae. aegypti are recovered within 20 m to 50 m of the release point, with a small percentage found 170 m
but generally not more than 200 m from the release point. Therefore, a restriction of 500 m from potential
sources {200 m for released OX5034 males + 200 m for mated Ae. aegvpsi females + 100 m of additional
buffer) provides a conservative buffer zone. The human health assessment considered data provided on
the mammalian toxicity and allergenicity of the tTAV-0X5034 (active ingredient) and DsRed2-0X5034
{inert ingredient) proteins and the potential routes through which humans may be exposed to these
substances as a result of OX5034 application. While no determination has been made on the potential of
gither protein to pose mammalian hazard, the human health risk was found to be negligible, as exposure
to female mosguitoes carrying these traits was determined to be negligible given that the penetrance of the
tTAV-0X5034 lethal trait was shown to be 100% in female mosquitoes and the restrictions on access to
potential tetracycline sources.

EPA has determined that there will be no unreasonable adverse effects for humans or the environment
due to introgression of OX 5034 background strain genetics into the local Ae. aegypti population. EPA
evaluated OX 5034 mosquitoes for key traits that could increase the ability of mosquitoes to transmit
disease, result in larger populations numbers, or result in more robust mosquitoes. Based ona
combination of laboratory data, meta-analyses, and a review of the scientific literature, EPA finds it is
unlikely that the local mosquito population would pose any increased risk to humans or the
environment as a result of releases of OX5034 mosquitoes and introgression of OX5034 background
strain genetics.

EPA has also determined that no nnreasonable adverse effects are anticipated for non-target organisms as
a result of the experimental permit to release de. aegypri OX5034 male mosquitoes. No direct adverse
effects due to consnmption of OX5034 males by non-target organisms is expected based on acute oral
toxicity studies and bioinformatics analyses. There are also no indirect adverse effects anticipated from
reduction in Ae. aegypti as a food source should the release of OX5034 mosquitoes successfully reduce
the local de. aegypti population. In the case of de. aegypyi, their status as invasive species and their
oviposition choice behavior makes it less likely that they serve an integral role in newly invaded
ecosystems. Additionally, Ae. aegypiti are regularly subjected to other control methods such as insecticide
treatment and source reduction and it is therefore unlikely any predator species or plant is dependent on
Ae. aegypti presence.
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